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SUMMARY 
Direct contact spray condensers are effective devices for heat and 
mass transfer. They are characterized as low cost, low pressure drop 
equipment, and to their advantage could be added the ability to handle 
corrosive vapour mixtures, simplicity of construction, compactness, 
adaptability, ease of control and absence of fouling problems. 
Because of these characteristics spray.condensers find increasing 
use in the chemical process industry, but very little data has been 
reported in the literature on their performance. The aim of this 
investigation waS to obtain data for one such piece of equipment, the 
barometric counter current spray condenser, by condensing steam from pure 
steam and steam-air mixtures on a single low pressure commercial water 
spray. 
The condenser was constructed using a 30.5 cm (12 inch) diameter 
glass column, at the top of which water was introduced via an adjustable 
tube with the spray nozzle at its outlet. Two different types of spray 
nozzles were examined, solid and hollow cone, at different flow numbers, 
and their respective performances were analyzed and compared. The steam-
air mixtures entered at the bottom and side of the column through a 10.2 
cm (4 inch) diameter port, so that counter current flow between the two 
phases was achieved. Two steam ejectors connected in series were utilized 
to introduce the steam, and the suction they produced drew air, the non-
condensible component, into the system through a number of different 
diameter air nozzles. 
-----------_._-- ----
ii 
The spray condenser was tested under different conditions; the spray 
nozzle height, the steam, air and water flowrates were varied. As the 
size distribution of the drops formed was not known, the results were 
presented in terms of the condenser volumetric heat transfer coefficient 
(V.H.T.C.), the range of values of which was 26,000-190,000 w/m3oc. 
The results obtained were correlated using the minimization of the 
difference of the squares method, and correlating equations were produced 
for each type of spray nozzle, which gave very good agreement between 
values of the V.H.T.C. obtained from direct measurements and those 
predicted. 
The general conclusions drawn from this investigation were that 
spray condensers give high rates of volumetric heat transfer. In 
particular, keeping the other variables constant, that the V.H.T.C. increases 
with increasing water and steam flowrates, and that it decreases with 
increasing air flowrate and nozzle height. 
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CHAPTER 1 
INTRODUCTION AND OBJECTIVES 
,--------------------------------------------------------------------------------------------------------
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1.1.1 General Introduction 
Direct contact spray condensers are effective devices for heat and 
mass transfer. They are generally characterized as moderately efficient, 
low cost, low pressure drop equipment, and come into use when an 
intervening metal wall between the hot gas and coolant liquid is 
undesirable. 
A spray condenser, in its simplest form, is a closed vessel in which 
a vapour possibly with non-condensables present is brought into direct 
contact with a colder liquid spray, on the surface of the drops of which 
steam is condensed, heat and mass transfer occurring simultaneously. 
Pressure spray nozzles are commonly utilized to disperse the liquid into 
droplets, thus creating a large interfacial surface area per unit volume 
of liquid and are of two basic types; 'solid' and 'hollow' cone. Depending 
on the relative position of the vapour and liquid inputs, the flow 
established in the condenser can be counter-, cross-, or co-current. 
When used with steam or steam-air mixtures and water, direct contact 
condensers are known as barometric or low level condensers. 
This report is concerned with the examination of' one such piece of 
equipment, the barometric counter-current spray condenser. 
1.1.2 An Alternative to Traditional Heat Exchangers 
The use of tubular or plate heat exchangers for condensing vapours 
is so common in industry, that other forms of heat transfer equipment 
are often neglected. However, there are times when pressure drop and 
fouling considerations make the use of traditional heat exchangers 
2 
impractical or uneconomical, as for example in refinery applications, and 
direct contact spray condensers are considered preferable alternatives. 
Their advantages are: 
(i) better heat transfer performance 
(ii) low vapour phase pressure drop 
(iii) simplicity of construction, resulting in low cost 
(iv) ability to handle corrosive gas mixtures 
(v) ease of control and adaptability to new process conditions 
(vi) compactness 
(vii) absence of fouling problems. 
Their main disadvantages are that: 
(i) cooling liquid and condensate are mixed together 
(ii) an abundant supply of cold liquid is needed 
(iii) for large columns, it is not possible to obtain true 
counter-current flow without using several spray sections. 
1.1.3 Applications 
Because of their characteristics, spray condensers are used in various 
chemical process industries for the partial or total condensation of 
vapours, especially corrosive ones. 
Direct contact condensers are utilized in the sugar industry, where 
water is abundant, for the condensation of steam produced in the 
evaporation of sugar solutions to produce sugar crystals. 
Allied to spray condensers are spray quenchers used in the process 
industries, for instance, in the reflux condensing section of refinery 
3 
vacuum towers, in quenching pyrolysis gases (e.g. ethylene with naphtha), 
and in fire fighting, where sprinkler nozzles are used to quench flames. 
Potential large scale applications include emergency core cooling 
[22,31,32,33) d 
systems, employed in the nuclear power industry an energy 
[33) 
recovery systems. 
1.2 OBJECTIVES 
The objectives to be met in this investigation were: 
(i) to obtain heat transfer data for the performance of the 
counter-current spray condenser examined, by condensing steam, 
from pure steam and steam-air mixtures, on a single low 
pressure commercial water spray. 
(ii) to examine the dependance of the overall heat transfer 
coefficient on the experimental variables, i.e. steam, air, 
and water flowrates, and height of the condenser.' 
(iii) to compare the performance of the spray condenser with tWd 
different designs of spray nozzles (hollow and solid core) . 
(iv) for each type of spray nozzle, to investigate the effect of 
doubling the cross sectional area of the nozzle orifice, thus 
halving the initial injection velocity of the spray, and 
changing the nozzle's characteristics, i.e. pressure drop, 
flow number, and size distribution of the droplets formed, on 
the heat transfer performance of the condenser. 
(v) to formulate correlating equations, for each spray nozzle, 
for the heat transfer data obtained. 
4 
(vi) to evaluate the spray nozzle's characteristics and 
condenser's parameters, i.e. velocities of the two phases, 
entrainment so that, in conjunction with (v), the complete 
design of a similar spray condenser, under similar conditions, 
can be performed. 
CHAPTER 2 
LITERATURE SURVEY 
5 
2.1 DROP FORMATION 
2.1.1 Swirl Spray or Centrifugal Pressure Nozzles 
The atomisation of water by swirl spray or centrifugal pressure 
nozzles has widespread application in industry, and consequently has 
. [1 2 3 4] been the subject of a number of theoretical and experimental stud~es. ' , , 
Two basic types of this kind of atomiser are the hollow and the 
solid cone. For both types, the water emerges from the nozzle orifice in 
the form of an approximately conical film, which varies in magnitude with 
nozzle size and pressure drop. The hollow cone spray refers to one in 
which the water is concentrated at the outer edge of the conical pattern. 
The pattern is produced by the tangential insert, which imparts a swirling 
motion to the water, and is symmetrical with respect to the nozzle axis 
having a well defined spray angle!5] 
The solid or full cone spray distributes the mass of water injected 
across the conical pattern. Although the nozzle still produces a swirling 
[5] 
motion, this is balanced by an axial water component to fill in the cone. 
The thickness of the continuous conical water film diminishes along 
its extent, and because of viscous and surface tension effects has also 
left a certain amount of rotation. This film starts to break up at points 
where tension and kinetic effects exceed the mechanical strength. 
Different models are proposed by researchers to describe the break up 
mechanism. Dombrowski[6] concluded two principal modes of disintegration 
- aerodynamic instability and perforations. The aerodynamic instability 
6 
is due to interfacial surface tension and aerodynamic forces. 
Perforations are assumed to be caused by either non-wettable particles or 
turbulence. Schweitzer[7) speculated that the break up mechanism is 
caused by turbulent motion which occurs inside the nozzle. The radial 
disturbance (velocity fluctuations) tends to break up the interface as 
soon as the restraint imposed by the orifice wall ceases. 
When a tiny hole appears on the continuous film, the stresses in the 
vicinity of the hole become intensified at the instant of formation, and 
it becomes rapidly larger down the film, the edges piling up to give a 
thick rim!8) At the edge of the film phase the number of holes is so 
great that the appearance of the film is that of a lace network. Also, 
reinforcement of surface waves by drag forces build up until the sheet 
ruptures at the nodes yielding ribbons of water parallel to the leading 
edge of the wave. Water is now in the form of filaments which are so 
unstable and transient as to break up, immediately after formation into 
strings of drops which, in turn separate!4) A filament of cylindrical 
form tends to produce constrictions in itself, if its length exceeds its 
circumference. 
Because of this type of formation, the drop size is not uniform and 
a range of droplet sizes is produced; between large drops there are 
smaller drops corresponding to the neck of a constriction. 
When the volume of water injected is large, the actual formation of 
discrete drops may not take place until a considerable length beyond the 
point of discharge, and the water passes through two phases - a film and 
a filament - before drops form. 
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2.1.2 The Film Phase 
2.1.2.1 The Extent of the Film Phase 
The distance from the orifice at which the film phase breaks up into 
unstable filaments and then drops, is dependent on many factors, such as 
orifice diameter, surface tension, issuing velocity, and the density and 
viscosity of the fluid. 
Weinberg(4) performed experiments using four centrifugal pressure 
nozzles with different flow numbers and orifice diameters, in order to 
obtain a measure of the axial extent of the continuous film. He produced 
. [30) data, which were described quite accurately by the empirical equat~on 
~ = 0.048 + 0.0133(~p D) (1) 
where D = nozzle orifice diameter, inches 
L = axial extent of continuous film, inches 
~p = nozzle pressure drop, lb. per sq. inch. 
Lee and Tankin[9,10) studied experimentally the break up length of 
the continuous film for hollow cone sprays, using high speed photography. 
It was found that for the same water flow rates, the length of the film is 
shorter in condensing (steam) flows than in non-condensing (air) flows. 
The following equation was fitted to their experimental data; 
relating break up length to 
C ~ [l+Cl(Ja) 2 
~ 
Weber and Jakob 
2 
-C (W -c ) 
e 3 e 4 ) = 
where, 2 = flow area of nozzle, ill 
Ja = Jakob number 
We = Weber number 
L = length of water spray film, m 
Cl -C6 = constants 
numbers: 
(2) 
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2.1.2.2 Velocity Variation Along the Film 
The theoretical injection velocity of the water film can be 
determined by assuming complete transformation of the initial pressure 
energy into kinetic energy. The actual film velocity can be determined 
experimentally either directly, by high speed photography, or indirectly, 
[ 1] by thrust measurements • The overall energy loss in the nozzle is 
characterized by a discharge coefficient, cd' defined as the ratio of the 
actual film velocity to that corresponding to the injection pressure, that 
is: 
cd = uO/uth ' 
where uth = 12~p/p , the theoretical velocity, m/s 
U
o 
= actual velocity of film, m/so 
(3) 
[1] Dombrowski's experiments on swirl spray nozzles showed that film 
velocities decreased with increasing spray angle, and that for high 
injection pressures and a given angle the coefficient is independent of 
flow number and nozzle design. He suggested an average value of 0.8 for 
the discharge coefficient. Other experiments suggest values of 0.5 for 
the hollow cone and 0.75 for the solid cone spray nozzles. 
weinberg[4] measured the changes in kinetic energy along the film 
phase with reasonable accuracy. He obtained readings of the total head, 
by means of a small total head tube, at various axial distances from the 
nozzle orifice and those were taken as approximately equal to the dynamic 
head, from which velocities were calculated. 
The velocity of the film, u, was given by, 
u = cv!~p ( 4) 
9 
where c is the velocity coefficient, considered to be a measure of the 
v 
extent to which pressure energy is converted to kinetic energy, 
incorporating other forms of energy, such as surface energy, becoming 
dominant in the drop formation. 
Values of the velocity coefficient were correlated in the form: 
(c ) 2 = 
v 
7 D 
"9 (r; - 0.1) 
to fit the parabolic curve obtained experimentally. 
(5) 
Two very important conclusions were drawn from the above investigation; 
(i) the velocity of the drops leaving the edge of the film, as they are 
formed, is the same with that of the film at that point, confirmed also 
[2 J by Novikov and (ii) the film phase has very high initial velocities, compared 
with those in the drop phase, and hence very high heat transfer coefficients. 
2.1.3 The Drop Phase 
2.1.3.1 Drop Size Distribution 
Because of the mechanisms of drop formation, as discussed previously, 
the drop size is not uniform and a distribution of sizes is established for 
each spray. 
A number of distribution functions have been derived from experimental 
data or by theoretical considerations and used, with varying success, to 
represent the drop size characteristics of sprays. Some of these, the most 
widely and successfully used, were summarized and comparatively studied by 
[11J Mugele and Evans. 
(1) Rosin-Rammler equation 
This function was presented for application to powdered materials, 
10 
and has been used by a number of investigators with varying success to 
droplet systems. It is generally given in the 'cumulative volume' form: 
I-v = e -(did) 6 (6) 
where I-v is the volume fraction of drop material occurring in drops of 
diameter greater than d, d is a size parameter, and 6 is a distribution 
parameter. 
(2) Nukiyama-Tanasawa Equation 
This completely empirical equation is generally given in the numerical 
distribution form: 
dn 
dd (7) 
where B is a constant and b is the size parameter having the dimensions of 
-6 d • 
The equation showed a satisfactory fit to a set of data obtained by 
Houghton~291 
(3) Log-Probability equation 
This is derived from statistical analysis of the distribution, given 
by, 
where y = tn(d/di 
du 
- = $(y) dy 
From knowledge of the spray-forming mechanism, which provides a 
(8) 
(9) 
random distribution of y values about some mean value, a good guess for 
$(y) is that it represents the normal distribution function. Thus, 
6 _6 2 2 $(y)=-e y (10) 
Iii 
Here 6, the distribution parameter is related to the standard deviation 
of d. 
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(4) Upper-Limit Function 
Mugele and Evans n.1l modified the log-probability equation taking into 
account the existence of a maximum drop diameter, d , as indicated by 
m 
experimental data, and a modification of the relation of y to d was 
established 
bd 
Y = R.n d -d 
m 
(11) 
From plots of data as d against lOOv, the lOth, 50th, and 90th percentiles 
(dlO ' dSO and d90) were read, and dm was calculated from the formula, 
(12) 
[10] Droplet size distributions obtained experimentally by Lee and Tankin , 
for hollow cone sprays, were used to compute droplet trajectories. It 
was shown that the smallest drops were deflected from the periphery of the 
spray cone inwards, towards the nozzle axis, whereas the majority of the 
drops were not. (The shape of a typically computed shape is shown in 
Fig. 1). 
2.1.3.2 Mean Drop Size 
The average drop diameter can be defined in a number of ways, the 
most useful of those is the volume/surface mean diameter or Sauter mean 
diameter, which is numerically equal to 6 times the ratio of the volume 
to the surface area per unit mass of a spray. 
Spray nozzle manufacturers provide data on surface mean droplet 
sizes (Figure 2) for air-water systems. For steam-air systems the 
average droplet sizes are larger, due to condensation of steam on the 
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subcooled water spray and shorter break up lengths of the continuous film. 
Experimental studies, to determine the mean drop sizes for different 
sprays, have been performed for either use in subsequent calculations of 
. [4 ,12] i if' . 1 1 heat transfer coeffic1ents , or n formulat on 0 emp1r1ca corre ations 
to predict mean drop sizes of sprays with different characteristics!1,3] 
Different techniques were employed, (high speed photography, and catching 
the drops in thin layers of oil), in order to obtain the drop-size 
distribution and the number of drops in each size group, from which the 
Sauter mean diameter was calculated. 
n 
d76N L 
i=l 1 d = 
n 
L d~6N 
i=l 
(13) 
(Dornbrowksi[l] took direct measurements of d using the Sauter light 
absorption technique) • 
DOrnbrowski[l], for different commercial nozzles, has developed the 
following correlation for water at 20°C (Figure 3, actual vs. d predicted) • 
d = 2.55 (:p)1/3 (14) 
where F is the nozzle flow number, m3/sec/(N/m2)1/2 (F=Q/(~p)1/2 (15) 
where Q=water volumetric flow rate) • 
[8] Fraser et al gave the empirical correlation 
~nd = 1.808 + 4.76 ~pl04 + 9.07 x 106F (16) 
for swirl pressure nozzles, and for low pressure drops across the nozzle 
orifice. 
Weinberg[4] correlated his data by the equation 
3 
d = 0.OO47(~p)1/7 (17) 
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where now ~p is in p.s.i. and F in gal/hr/(pSi)t. 
The surface mean drop size. is dependent on efflux velocity, orifice 
diameter, fluid density, viscosity, and surface tension, but it was found 
to be independent of nozzle design. 
Consiglio andSliepcevich[13) studied the effects of liquid properties 
and flow rates on the surface area of sprays, from a pressure atomiser, 
and found that: 
where, A 
s 
(J 
v 
W 
2.1.3.3 
2 
= surface area of spray, m 
= surface tension, N/m 
2 
= kinematic viscosity, m /s 
= liquid flowrate, kg/so 
Droplet Break-Up 
(18) 
Droplets themselves can break-up into finer drops, and this fact sets 
the upper limit of drop size that can exist in processes involving 
countercurrent flow of liquid and vapour. 
Most studies of droplet break-up have been concentrated on defining 
the conditions under which a drop will break (the largest stable drop size) . 
The important stability criterion is the ratio of aerodynamic forces to 
surface tension forces, as defined by 
2 
PG u d 
We = (J 
the Weber number 
For water wecritical = 6 to 13 depending on contact time and relative 
velocity history. 
(19) 
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Of great importance to the heat transfer process to drops is 
internal circulation, which can only be possible at large drop Reynolds 
numbers. Again, a limit is set, since large Reynolds numbers cannot be 
achieved without droplet break-up. 
Break-up of drops affects the mean drop size, and can produce a 
significant increase in the surface area of the spray. 
2.2 CONDENSATION OF STEAM ON A SINGLE DROP 
In the literature searched basic models that describe accurately the 
condensation process of one fluid on an miscible drop of another, have not 
as yet been formulated. Furthermore, when a distribution of drop sizes 
exists, as in the case of condensation on a spray, the modelling of the 
[14] process is extremely complex. 
However, theoretical models have been developed, based on simplifying 
assumptions, which compared successfully with experimental data. It was 
generally assumed that (a) the drops are spherical, (b) convection within 
h ' 'b ( , [15,16,17]) ( ) t e drop ~s neglig~ le except ~n ,and c the surface 
temperature of the drops, as they emerge from the nozzle, is the saturation 
temperature. 
Brown [.12] obta'ned a 'lIt' 1 It f th d ~ s~mp e ana y ~ca resu or e mean rop 
temperature as a function of time and drop diameter, 
"" 
= 1 l: [12 exp 2 2 (_ 4n 11 kt)] i n=l n 
where T = inlet liquid temperature, (OK) 
Ll 
(19) 
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TL = outlet liquid temperature, ( OK) 
2 
TG = gas temperature, (OK) 
K = thermal diffusivity, (m2s -1) 
t = time, seconds 
d = drop diameter, (m) 
Graphical representation of this equation is shown in Figure 4, from 
which it is evident that drops smaller than lmm attain the' saturation 
temperature of the condensing vapour in no more than a few tenths of a 
second. In such a short time, the drops would have travelled a distance 
of a few nozzle diameters. Thus most of the condensation occurs in the 
region near the nozzle where the continuous film breaks up and droplet 
formation is taking place. Beyond this region droplets interact with the 
vapour and with each other only hydrodynamically. 
Three theoretical models were derived (and the corresponding numerical 
algorithms developed) by Kulic and Rhodes [15, 16] , and Kulic et al[17] to 
describe the temperature field of a suddenly exposed droplet experiencing 
moisture condensation from air-steam mixtures. 
The first model was based on the assumption that the droplet is 
perfectly mixed and therefore has no internal resistance to heat transfer. 
The second model was based on the assumption that after certain periods of 
time the droplet is well mixed, so that a uniform temperature profile is 
obtained inside the drop. The third model was based on the assumption that 
the droplet is behaving as a solid sphere having the maximum possible 
internal resistance to heat transfer, depending on the thermal conductivity 
and size of the droplet. It was thought that the real behaviour of a drop 
18 
should be in the domain of these three models, so they were checked 
against experimental data obtained. (Figure 5). Droplets (ranging in 
diameter from 1.3 to 4mm) were exposed to the steam-air mixture, of pre-
determined composition, velocity and temperature, where they remained for 
about ten seconds. The temperature of a drop was continuously recorded, 
and so smooth thermal utilization curves were obtained, Figure 6. From 
examination of the experimental data it was deduced that the second model 
(internal resistance with partial mixing) provides a good approximation to 
the real situation. 
They also concluded that (i) increase in the drop diameter increases 
the response time, (ii) the higher the steam concentration, the faster the 
drop temperature response, and (iii) the higher the relative droplet 
velocity, the faster its temperature response. 
Isachenko and KUShnyrev[181 studied the condensation heat transfer of 
a fluid onto a dispersed liquid spray. In their theoretical analysis was 
utilized the solution of the temperature distribution for a sphere of 
constant radius, initially at a temperature TO and exposed to a fluid at 
T t' to generate an expression for the change in radius due to condensation. 
sa 
Then they incorporated a one parameter distribution function to account for 
drops of varying initial radius to obtain condensation heat transfer in a 
spray. 
But their experimental data demonstrated that the observed rate of the 
process was higher than the theoretically predicted. The possible source 
of this discrepancy was assumed to be caused by thermal convection inside 
the drop, which was not incorporated in their theoretical model. This 
0-\ 
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FIGURE 4: Time of heating for spheres of water with thermal 
diffusivity of 1.68 x 10-7 m2s-1 . The numbers on 
the curves give the drop diameters in mm. 
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finding was in agreement with Kulic and Rhodes!16] 
Ford and Lekic[19] studied the rate of growth of drops during 
condensation. A theoretical model was set up to describe the process 
based on the assumptions that, (i) for small drops internal circulation 
is minimum and the mode of internal heat transfer is primarily rigid 
body conduction, (ii) the condensate film offers little additional 
resistance to heat flow. 
Experiments were conducted to actually measure the rate of droplet 
growth. At the top of a square section, made of perspex, drops of 
certain size (1.67mm or 1.5lmm) were introduced, and allowed to fall 
through an upward flow of steam of known temperatures. The size of the 
falling drops was monitored by a high speed photographic camera. 
Results obtained show that the final radius of the drop, for moderate 
or small differences between steam saturation temperature and drop initial 
temperature, is greater by only three percent, or less, than that of the 
original radius, and that the theoretical correlation agrees well with the 
experimental behaviour. (Figure 7). 
[20] Jacobs and Cook performed a similar theoretical analysis taking 
into account the thermal resistance of the condensate film. Numerical 
results obtained were compared with the experimental data obtained by Ford 
and Lekic[19] , Figure 8. It was shown that when the thermal resistance 
was ignored, the model appears to overpredict the experimental growth 
rate, by 0.01 second in 0.12 second growth time, and that inclusion of 
the film resistance gave excellent results. 
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It was also concluded that the assumption of a linear temperature 
profile through the condensate film is justified when the film is thin, 
as is the case of steam condensing on water. 
2.3' STEAM CONDENSATION ON HIGH PRESSURE OR IN SERIES OF WATER 
SPRAYS 
[12] The first reported tests were those of Brown. His tests were 
carried out over a range of pressures (0.2 bar to 2 bar approx.) in a 
condenser 24.5 cm diameter, in which the height could be either 20 cm or 
56 cm. The top of the condenser was conical with 12 high pressure spray 
nozzles fitted. From 3 to 12 nozzles could be used simultaneously. 
Steam was admitted through 4 equispaced 75mm diameter ports at the bottom 
of the condenser. The effect of non-condensibles was examined by admitting 
air through the suction vent at the apex of the condenser top. 
His conclusions were that heat transfer is much greater than for 
shell and tube exchangers, the presence of non-condensibles reduces the 
heat transfer, and that increasing the height from 20cm to 56cm have 
very little effect. 
Weinberg[4] used low pressure nozzles (up to 1.36 bar) in contrast 
to Brown, whose nozzle pressures ranged up to 13.6 bar. His condenser was 
61 cm diameter and 91.4 cm high, the nozzle (swirl spray) positioned 
axially in the hemispherical top of the condenser. A pool of water was 
maintained in the bottom of the condenser on which steam would condense. 
A range of steam pressures up to 3.4 bar were used but no non-condensibles 
were admitted. He confirmed that the heat transfer is at a high rate, but 
---------- ------------------------------------~----------
also concluded that most of the condensation occurs on the continuous 
liquid film prior to break up into spray drops. 
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MCNair[2l) used a 76mm diameter pipe through which steam flowed at 
velocities up to 37 m/so 4 nozzles were equispaced around the circum-
ference at 3 axial positions 76 mm apart. Any of the 12 nozzles could 
be selected independently or in groups. Again, she confirms that high 
rates of heat transfer occur and points to the significance of the 
continuous liquid phase in the heat transfer process, to 'catching' the 
drops and reinjecting them at their mean temperature. 
Aoki et al[22) injected a water jet into a 5 cm by 2 cm rectangular 
section pipe. The flowing steam caused the water jet to atomise. He, 
also, concluded that maximum condensation occurs near the injection 
point where the water is still a continuous phase. 
Friend et al[23) obtained experimental heat transfer data on cooling, 
moist air-water systems, for air conditioning, using large, commercial 
type pressure atomising spray nozzles in 0.9 cm diameter by 4.5m high 
spray chamber. Both solid and hollow cone nozzles were used, and for 
each nozzle type, data were taken either with one large spray nozzle in 
the centre of the tower, or with three equally spaced equivalent smaller 
nozzles, at the same level. 
The results showed, Figure 9, that the single, large hollow cone 
nozzle was the most efficient design over the operating range, and it was 
used in subsequent experimentation, in different nozzle arrangements 
(involving a second nozzle at a lower level),_ to study the effects of the 
1000~--------------------------------------------------~ 
900 
900 
-700 
>-
<3 
f'O'II 600 
.... 
IL 
er 500 
<: 
'" ~ 
400 
a 
~ 
'" 
...: 
z 
~ ~OO 
'-' ;;: 
... 
"' o 
'-' 
er 
"' ~ 200 
z 
'" a: 
.... 
'" 
'" 
'" 
,. 
NOZZLE ARRANGEMENTS 
SYMBOL NUMBER OF NOZZLES 
0 I 
A 3 
0 3 
c I 
G;::: 1450 LBS/HR FTZ 
TI. 250°F 
NOZZlE 
TYPE 
S?RACO 1743 He 
SPRACO 1725 HC 
5.5. I V4 HIZ Fe 
S.S. Z H35 Fe 
VI' .09 LBS H20/LB DRY AI R 
Z • 8 FT 
ORIFICE 
DIAMETER (IN.) 
15116 
33/64 
Z9/64 
3/4 
100+-------------_+--------~----+_--_+--_+--+__+--~ 
1000 ZDOO 3000 4000 6000 8000 10,ooe 
LIQUID MASS FLOW, L't (LBS/HR FT2) 
FIGURE 9: Nozzle type-effect of liquid rate-top level 
(from Friend et al[23l). 
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other experimental variables. It was concluded that (i) the heat transfer 
coefficient increases with increasing either gas or liquid flow rate, 
and (ii) values of heat transfer coefficients, obtained from direct 
temperature measurements, were higher than those predicted from 
corresponding mass transfer coefficients using the psychrometric theory 
relationship, i.e., h a = (c ) K a, g s y (20) 
where, h a = g volumetric gas-film sensible heat transfer coefficient, 
Btu/hroF ft 3 (tower volume) 
c = humid heat of gas-vapour mixture, Btu/1b, dry gas s 
t,y = humidity driving force, !bs. water/lb. dry air 
K a = volumetric overall mass transfer coefficient, lbs. y 
3 
vapour/hrt,y ft (tower volume). 
OF 
The findings of this investigation were successfully applied (M.W. Ke110gg 
Co.) to direct contact spray quenching, in the reflux condensing section 
of refinery vacuum towers as large as 6m diameter. 
A theoretical study of the direct contact condensation of a pure 
vapour on a spray of subcooled liquid drops has been carried out by Lekic 
d F d [24] an or. The theoretical model proposed was tested with experimental 
results, and good agreement between the two was obtained. 
The experimental investigation was performed with steam-water system, 
using a chamber 305mm in diameter and 850mm high. Water was introduced 
at the top of the column, three different full cone nozzles were used at 
different pressure drops (0.3-0.8 bar). A narrow strip of the spray was 
isolated, by a sp1itter, and photographed, so that the drop size 
distribution was determined, (maximum drop sizes 800-100 ~, Sauter mean 
diameters 433-585 ~). Saturated steam, flowing countercurrently to the 
spray, was used at two pressures 0.9 and 1.38 bar. 
Data were reported in terms of the thermal utilization, €, which 
was defined as the ratio, 
€ = 
where, Qz = heat transfer rate at distance z from the nozzle, kW 
~ = theoretical heat transfer rate, kW. 
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(21) 
High values of thermal utilization (0.783 to 0.987 for distances from 
the nozzles of 42-356mm) were obtained, indicating high heat transfer rates 
at short distances from the nozzle. Droplet diameter waS found to be the 
most important parameter affecting thermal utilization. 
" [25,27] d d d" d f Fa1r correlate heat transfer ata, er1ve rom hydrocarbon 
systems as well as from moist air-water systems using solid cone spray 
nozzles in towers of diameters 0.75-l.8m, by the equation: 
where, h a = g 
0.043 GO. 8LO. 4 
zO.5 
T 
volumetric heat transfer coefficient, Btu/ (hr.) 
(22) 
(cu.ft.) (OF) 
G = gas mass velocity, lb./ (hr.) (sq.ft. of superficial area) 
L = liquid mass velocity, lb/ (hr.) (sq.ft. of superficial area) 
ZT = height of contacting zone, ft. 
Heat transfer coefficients obtained by later experimentation[23] were 
found to be about 50% below those predicted by the above correlating 
equation, but observed rates in refinery vacuum-tower spray sections were 
twice those observed in the experimental air-water unit. 
Another correlation~26] based upon the mass transfer/heat transfer" 
analogy and assumed log-mean-temperature differences, was: 
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C 
1.62 C2 
GO.82L 3 
ha = (23) g C3 zO.38 0.205 T 
where, C2 'C3 are constants (values are presented in Table 1). 
This correlating equation is suitable for design purposes, since the 
coefficients could be adjusted to the particular requirements. 
Significant backmixing and departure from countercurrent flow in large 
columns is partially compensated by the height term in the denominator of 
the equation. 
The influence of coalescence of drops on the heat transfer rates was 
studied by researchers [24,28J, and found to be of no great significance. 
By coalescence drops become larger and the decrease in surface area of 
the spray causes a decrease in heat transfer rates obtained. On the other 
hand, it can be expected that during the impact mixing takes place, and 
therefore the temperature profile inside the newly formed drop .is more 
uniform, fact that increases the heat transfer rates. 
TABLE 1: Coefficients for equation (23). from Fair[26J 
Column Dia., In. Orifice Dia., In. C2 C3 
8.0 0.17 5.15xlO -5 0.93 
15.2 0.17 4.90xlO-4 0.70 
15.2 0.22 8.97xlO-4 0.62 
15.2 0.33 4.28xIO-3 0.47 
CHAPTER 3 
THE EXPERIMENT 
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3.1 DATA REQUIRED 
The evaluation of the heat transfer performance of the spray 
condenser required experimental measurements of the following parameters: 
1. Ambient temperature and pressure 
2. Water inlet and outlet temperatures 
3. Pure steam or steam-air mixtures inlet and outlet temperatures 
4. Water flowrate at inlet 
5. Steam pressure at inlet 
6. Air inlet conditions (air nozzle orifice diameter, vacuum 
pressure driving force) 
7. Height of spray nozzle above point of steam introduction. 
and, for the evaluation of the spray nozzle characteristics, the pressure 
drop and the orifice diameter. 
3.2 APPARATUS USED 
The experimental apparatus, consisting of the spray condenser, used 
for the tests, and auxiliary equipment, was set up as shown in illustration 
1,2 and diagrammatically in Figure 10. 
The spray condenser was constructed using a 30.5 cm diameter glass 
QVF column, Figure 11. At the top of the column water was introduced via 
an insulated, adjustable tube (2 cm in diameter) with the spray nozzle 
fitted at its end. The nozzle was interchangable, so that both, solid 
and hollow cone types with different characteristics could be used. The 
water emerged from the nozzle orifice in the form of a conical spray, with 
cone angle, 90°. 
Illustrations 1,2: Apparatus used 
Figure 10: Experimental Apparatus 
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Fgure 11:.The Spray Condenser 
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The steam-air mixtures entered at the bottom and side of the 
column, through a 10.2 cm diameter port. In this way approximate counter 
current flow between the two phases was established in the condenser. 
The water, coming from the mains, was driven to the top of the 
column by a centrifugal pump, and its flow rate was continuously monitored 
by a rotameter. The water flow could be regulated to desired rates by 
means of a control valve, and for each flow rate selected the spray 
pressure downstream from the pump was recorded. 
Steam was supplied by the pilot laboratory boiler at 180 psi, and 
it was taken through steam traps before delivered, so that any condensate 
formed during its transportation was removed. TWo steam ejectors 
connected in series were used to introduce the steam into the column, thus 
allowing high steam flowrates to be achieved. Control valves were used 
to adjust the steam flow through each ejector, and the pressure of each 
was recorded. 
Air, the non-condensible component, was drawn into the system, when 
required, by the vacuum produced by the steam ejectors. Room air was 
used, which was admitted through five different air nozzles. The vacuum 
pressure on the air nozzles' side was recorded on a pressure gauge. 
Because the air nozzles were 'fixed' the air flowrate through each one 
depended on the diameter of its orifice and atmospheric pressure. When 
a nozzle was operated under critical flow conditions, the air flowrate 
was independent of the suction driving force. 
Chromel-alumel thermocouples were used to measure the temperature of 
the incoming steam-air mixtures, T2 , exit gas temperature, Tl , and water 
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outlet temperature, T3, (Figure 11). The exit gas temperature was 
measured just above the cone of the water spray. All thermocouples were 
connected to a digital readout thermometer, Kane-May Digitherm, from 
which temperature readings were taken. 
3.3 THE SPRAY NOZZLES 
The spray nozzles used in this investigation were supplied by Delavan 
Watson Ltd., and were pressure nozzles of two basic designs; solid and 
hollow cone. Illustrations 3,4. 
The solid cone nozzle was BK type and was used at two orifice 
diameters, 7.1 mm and 10 mm, so that the cross-sectional area of the 
orifice was doubled for the second size over the first one. The 
cylindrical insert had four deep, long swirl grooves of rectangular 
cross section around it, and a hole going through its centre, 'shown in 
Figure 12(ii). The incoming water flow was thus given a swirling motion, 
going at the outside of the insert, and it was mixed with the axial water 
component in a small chamber, Figure l2(i), before emerging from the nozzle 
orifice. In this way a solid cone spray was formed, with droplets 
distributed evenly across its extent. 
Hollow cone nozzles used, were of two types, BJ, orifice diameter 
10 mm, and BI at orifice diameters 6.35 mm and 9 mm, (the second diameter 
was chosen such as to double the orifice cross sectional area) . 
The BJ type insert, shown in Figure l2(iii), was exactly the same as 
the BK one, but had no hole drilled through its axis. So,a swirling 
Illustrations 3,4 
Solid cone spray nozzle : BK type 
Hollow cone spray nozzle: II type 
Figure 12: Nozzle Specifications 
(i) Casing 
Dimensions: h = 3.56 cm 
D = 1.9 cm 
11=.84 cm 
It =,7 cm 
d~= orifice diam .• mm 
1... -l-r''-----'l ~ . r:::Z:.::) 
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(ii) BK Insert 
h' = 1.84 cm 
Dt = 1.88 cm 
do =.59 cm 
a =.28· cm 
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(iv) BI Insert 
Ciii) BJ Insert 
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motion was imparted to all incoming water, which emerged from the orifice 
concentrated at the periphery of a conical pattern leaving the centre 
virtually free of spray, particularly near the nozzle orifice. This 
type of nozzle was involved in only few experimental runs. 
The insert of the BI type, shown in Figure 12(iv), had a leading 
edge which split the incoming water flow. Two oppositely inclined, by 
45°, surfaces, each on either side of the edge, imparted a swirling 
motion to the two segments of the flow, which were joined again in the 
small mixing chamber of the casing before emerging from the orifice. A 
hollow cone spray was thus established. 
This type of nozzle was referred to, in the technical catalogues of 
the manufacturer, as solid cone. Visual and thrust tests carried out 
proved that this was not the case. When the nozzle was tested at low 
pressure drops (4-8 psi) across its orifice, the spray not yet fully 
developed, the formation of a water bell was observed. This meant that 
an axial water component was not present. A similar test on the BJ type 
nozzle gave a water bell almost spherical in shape, but no such 
formation was observed: with BK, solid cone, type nozzle. 
The cone of the spray produced by all nozzles, had an angle of 
nearly 90°. Although the spray angle varied with nozzle pressure drop, 
that variation waS not significant, and the spray angle was taken as constant. 
3.4 EXPERIMENTAL PROCEDURE 
Before each experimental run of the apparatus, the ambient 
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temperature and pressure were recorded. A particular type nozzle of 
specific orifice diameter was selected and fitted on the adjustable tube 
inside the column, which in turn was set to a certain height above the 
point of introduction of the steam-air mixtures. 
The centrifugal pump was switched on, and water was delivered in 
the column at a preselected rate. The water inlet temperature was then 
obtained by means of the thermocouple,T3 , at the bottom outlet of the 
column. 
Then, the valve on the steam supply line was opened, and steam was 
introduced into the column. Its rate was adjusted by the control valve 
sited before the steam ejector. The steam pressure was recorded. 
Air was let into the system through one of the five air nozzles, of 
known orifice diameter, the rest being blocked. The vacuum pressure 
produced on the air nozzle side by the steam flowing through the ejector 
was recorded. When no air was required in the system the valve just 
before the air nozzles was closed. 
The system was allowed several minutes to reach equilibrium and then 
the temperature of the incoming pure steam or steam-air mixture, T2 , the 
exhaust gas temperature, TI , and the water outlet temperature, T3 were 
recorded. 
In the above described way one set of experimental readings was 
obtained. 
The spray condenser was tested under different conditions; the spray 
nozzle height, the steam pressure, water flow rate, and air flow rate 
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(by means of the diameter of the air nozzle) were varied. 
The settings of the experimental variables used, were: 
i) water flow 'rate (gal/hr): 160 and 200 - only for nozzle 
BI - 10 mm He, 300, 400, 500 and 600. 
ii) nozzle heights (m): 0.8, 0.65, 0.6 (only for nozzle BK -
7.1 mm Se), 0.5, 0.4, 0.35 (only for nozzles BK - 7.1 mm se 
and BI - 6.35 mm He), and 0.25. 
iii) air nozzle diameter (cm): 0(1) = 0.16,0(2) = 0.239, 
0(3) = 0.635, 0(4) = 0.478, 0(5) = 0.318. 
iv) steam pressure (psi): first steam ejector at 50 and 100, 
and while the first ejector was set to 100'on the second one 
50 and 100. 
By changing the spray nozzle and taking all combinations of the 
variables' settings, 1960 sets of readings were obtained. These were 
stored in computer data files for subsequent use. 
CHAPTER 4 
ANALYSIS 
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4.1 INTRODUCTORY NOTE 
The equations used in the analysis that follows, were adopted 
. [34 35] from the Heat Exchange Inst1tute Standards ' according to which 
the experimental apparatus was designed and built. 
Being consistent with the standards, the ,mass and enthalpy balances 
and the calculation of the air and steam mass flow rates, were performed 
in Imperial units. The results thus obtained, were converted to SI 
units before being presented. 
4.2 CALCULATION OF THE AIR MASS FLOWRATE 
4.2.1 Flow Regimes Through an Air Nozzle 
For a <Jiven set of upstream conditions, the rate of discharge of a 
gas from a nozzle will increase for a decrease in the absolute pressure 
ratio G, 
G = Atmospheric pressure - vacuum pressure = Atmospheric pressure 
p-p 
v 
p (24) 
until the linear velocity in the throat of the nozzle reaches that of 
sound in the gas at that location. When the sonic velocity is just 
attained, the value of G represents the critical pressure ratio G . 
c 
From that point on the actual pressure in the nozzle throat will not 
fall below PXG even if a much lower pressure exists downstream. 
c 
Assuming that air is a perfect gas and that the nozzle is frictionless 
the critical pressure ratio can be obtained from the following 
theoretical equation: 
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(25) 
where 8 = nozzle throat diameter to pipe diameter ratio, dimensionless 
k = ratio of specific heats c /c , for air k= 1.4. P v 
The above equation can be simplified considering that for this experiment 
4 8 was small, and so 8 would tend to zero. Thus, 
Substituting the 
G = 0.528. So, 
c 
( i) if 
(11) if 
G 
c 
value 
= (_2_) k/ (k-l) 
k+l 
of k (=1.4 for air) in equation (26) , 
for the air inlet conditions: 
G > 0.528, sub-sonic flow regime prevails 
c 
G ~ 
c 
0.528, sonic flow regime prevails. 
(26) 
4.2.2 Calculation of Air Flowrate when Sub-Sonic Flow Regime Prevails. 
The density of air, in passing through the nozzle, changes, as it 
expands adiabatically from P to (p-P ). This change is described by 
v 
an expansion factor, Y, given as: 
Y = [G2/k(~) 
k-l 
I-G(k-l)/k 1_84 ! 
( I-G)( 42/k
'
) 
1-8 G 
4 
which can be approximated, taking into account that 8 ~ 0, as: 
k 2/k I_G(k-l)/k ! 
Y = [(k_l)G ( I-G ») 
The air mass flowrate, A, is then given from: 
A = CYa[2g (P-(P-P »Pl)O.5 
c v 
(27) 
(28) 
(29) 
where, C = discharge coefficient, taken here as 0.97 
Y = expansion factor 
2 gc = dimensional constant, 32.17 Ib.ft./(lb. force) (sec) 
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Pl = air density at upstream temperature and pressure, lb/cu.ft. 
a = cross-sectional area of nozzle throat, sq.ft. 
IT 2 (= 4 D (N), where D(N) is the diameter of the nozzle 
orifice, ft.). 
The air density, Pl , can be calculated from the ideal gas law, in terms 
of the upstream specific volume vl ' 
R(T
O 
+ 460) 
vl = P(MW) . 
al.r 
= (3C) 
where, R = universal gas constant, 1546 (ft.) (lb.force)/(lb.mole) (OR) 
TO = ambient temperature, OF 
P = atmospheric pressure, Ib.force/sq.ft. 
(MW)air = molecular weight of air, 29 Ib./lb.-mole. vl in cu.ft./lb. 
Thus, substituting back to equation (29) the values of vl and a, and 
inserting the values of the constants, an expression is obtained from 
which the air mass flowrate can be calculated from experimental 
observations: 
A = 0.863 C D2(N) Y P Pv 0 5 
«T +460» . 
o 
Air mass flowrate, A, in lb/sec. 
(31) 
4.2.3 Calculation of. Air Flowrate when Sonic Flow Regime Prevails 
Under critical flow conditions, only the upstream conditions P,vl , 
and TO need to be known to determine the flowrate, which, for small 
values of S, is given by, 
A = Ca[g k(~) ( __ 2 __ ) (k+l)/(k-l)jO.5 
c vl k+l 
For an ideal gas, this corresponds to: 
(~) A = [k( gas) ( __ 2 __ ) (k+l)/(k-l)jO.5 
CaP gc R(T
O
+460) k+l 
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(32) 
(33) 
For air, admitted through an air nozzle of diameter D(N), this reduces 
to: 
0.418 C D2(N) P 
A = 
(T +460)°·5 
° 
(34) 
Air mass flowrate, A, in lb/sec. 
4.3 CALCULATION OF THE STEAM MASS FLOWRATE 
4.3.1 Calculating the Rate of Steam Condensed 
In order to calculate the mass of steam condensed per unit time, a 
preliminary enthalpy balance over the spray condenser has been performed, 
based on the following assumptions: 
(i) air is at the same temperature as steam at the condenser 
inlet 
(ii) all air entering the condenser leaves with the exhaust 
gases 
(iii) the rate of water in the condenser is equal to the rate 
out, i.e. no change due to steam condensing 
(iv) specific heats do not change over the temperature range 
(v) no heat lost to surroundings 
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(vi) all steam entering the column is condensed. 
Thus, the entha1py balance can be expressed as: 
11atent heat and sensib1el + 
Lheat given up by steam J 
lentha1PY changel = 
~n air stream J 
rentha1py gainl 
~y water J 
or, in szmbo1 form, 
Sl[h(C) (T2-T3)] + A[(C) . (T2-Tl] =W [C (T. -T3)] P st. p al.r I in w l.n 
where, A = latent heat of condensation, 1064.75 Btu./lb. 
(C) = specific heat of steam, 0.405 Btu./lb. of p st 
(C ) . = specific heat of air, 0.24 Btu./lb of p al.r 
C = specific heat of water, 1 Btu./lb. of 
w 
Tl = exhaust gas temperature, OF 
T2 steam, air inlet temperature, OF 
T3 = water outlet temperature, OF 
Tin = water inlet temperature, OF 
W. water mass f1owrate, lb ./sec. l.n 
A = air mass flowrate, Ib./sec. 
SI = mass of steam condensed per unit time, Ib./sec. 
( 35) 
Rearranging and inserting the above values, equation (35) becomes: 
Win (Tin-T3) - A 0.24 (T2-Tl ) 
1064.75 + 0.405(T2-T3) 
4.3.2 Calculation of Uncondensed Steam 
(36) 
If the assumption, that all steam entering the spray column is 
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condensed, is lifted, then the partial pressure of steam in the exhaust 
gas mixture, Pl , is given by the Antoine, equation: 
P
l 
= exp[15.109 - ( 6914.2 )] Tl +378.8 
(37) 
where, Pl in inches Hg, converted into lb.force/sq.ft. by multiplying 
by 70.7. 
Consequently, the partial pressure of air in the exhaust gas mixture 
is: 
(38) 
,since the pressure inside the condenser is atmospheric. 
The steam flowrate with the outlet gas mixture can thus be 
calculated, assuming ideal gas behaviour, i.e. , 
P2 (MW) air RTl Pl (MW) st. 
= 
A V S2 
therefore: S = 
Pl 18 (39) A- 29 2 P2 
where, S2 = mass of uncondensed steam per unit time, lb./sec. 
The total steam mass flowrate, S, into the spray condenser can now 
be calculated by a simple mass balance, 
(40) 
and the water mass flowrate, W t' at the condenser outlet will be: 
ou 
W = W. + (S-S ) 
out 1n 2 (41) 
------~ 
46 , 
4.4 OVERALL ENTHALPY BALANCES 
4.4.1 Enthalpy of Exhaust Gas Mixture 
At outlet conditions, the air is saturated and the enthalpy of 
the steam-air mixture is the sum of the enthalpies of the air and of 
the steam content. Thus, the enthalpy of the exhaust steam-air mixture, 
H2 , is given by, 
(42) 
where, H2 is in Btu/sec, and the notation is the same as before, 
or, 
(43) 
4.4.2 Enthalpy of Incoming Steam-Air Mixture 
The temperature of the inlet steam-air mixtures is recorded before 
the entrance to the condenser. Steam expansion takes place within this 
distance, which results in a change of the mixture temperature as it 
enters the condenser. This temperature difference produces an enthalpy 
deviation of the steam, and has to be accounted for in the calculation 
of the enthalpy input to the system. 
If the partial pressure of steam in the inlet gas mixture is taken 
as PO' then the partial pressure of air will be (P-PO), at the point of 
introduction to the condenser. 
Then, assuming ideality: 
P P = S -..:....-:--
o (5+ 1~6) (44) 
where PO in lb. force/sq. ft. 
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The inlet temperature, Ti, can be calculated from the Antoines 
equation: 
(45) 
Thus, the enthalpy, Hl , of the incoming steam-air mixtures may now be 
calculated: 
lenth~lPY Of] 
L al.r 
+ 
renthalpy ofl + l steam J [
enthalPY deviation of stea;1 
due to (T2-Ti) J 
(46) 
4.4.3 Enthalpy Change of water 
Enthalpy of water at inlet, H3 = W. T. C l.n l.n w 
Enthalpy of water at outlet, H4 = H3 + (Hl - H ) 2 
Enthalpy change of water: (H4 -H3) = (H l -H2) (47) 
4.5 CHOICE OF HEAT TRANSFER COEFFICIENT 
4.5.1 Background 
Psychrometric theory for the case of simultaneous heat and mass 
[36] 
transfer has been well documented. The problem of determining 
experimentally the heat transfer coefficients has been explored for the 
simple cases involving well defined contact areas, but very little 
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information is available for the more complex situation of condensation, 
involving a spectrum of droplet sizes issuing from a spray nozzle into 
a gas stream. 
d ' [23,37,38,39,40,41,42] h . Most prior stu 1es ave employed the mo1st 
air-water system, because it possesses some unique properties. It has 
been shown that the ratio of heat transfer to mass transfer coefficients 
that the Lewis number is unity. For such system then, the adiabatic 
saturation temperatures are equal to wet-bulb temperatures, the latter 
being sufficient to define the mixture enthalpy. Heat transfer coefficients 
can be evaluated from mass transfer measurements, i.e. inlet and outlet 
air humidities, or by direct wet-bulb temperature readings. 
However, for the system employed here the Lewis number can only be 
taken as unity in the latter stages of condensation, i.e. near the spray 
inlet, where the air is saturated, most of steam introduced in the 
column being condensed. 
4.5.2 Overall Heat Transfer Coefficients 
For the case of cooling the gas mixture with partial condensation 
accompanying the process, the overall surface heat transfer coefficient 
can be described by the following equation [26] ; proposed in the 
literature for designing direct contact coolers/condensers 
U = 1 (48) 
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where, U = overall heat transfer coefficient, w/m
20c 
hL = liquid side heat transfer coefficient, w/m
20c 
2 0 h = vapour side heat transfer coefficient, W/m C g 
a = correction factor for simultaneous heat and mass transfer, 
and the total heat transfer rate from the gas mixture to the spray, QT' 
is the sum of the latent heat transfer rate due to condensation Qc' 
and the sensible heat transfer rate, Q , associated with the transferring 
s 
of mass and that due to convection and conduction. 
Volumetric heat transfer coefficients can be obtained by multiplying 
the appropriate surface coefficient by the specific surface area of the 
2 3 
spray drops, a (m Im of the column) • 
In view of the difficulty of determining experimentally the 
individual heat transfer coefficients, an alternative approach was used 
here for the evaluation of the overall heat transfer coefficient. This 
was based on the total duty QT' as obtained from heat and mass balances 
over the whole condenser, considering the inlet and outlet flows and 
conditions of the two phases, i.e. steam or steam-air mixture and water. 
Described in Section 4.4.3. 
Since the actual drop size distribution was not known for this 
investigation and using the mean drop size to calculate the heat 
transfer area would result in a considerable error, because of wall 
wetting, extent of continuous film before drop actual formation, drop 
entrainment and rate of growth of drops due to steam condensing on 
their surface, data was presented in terms of the condenser volumetric 
heat transfer coefficient (VHTC). 
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The VHTC was defined as the heat transfered per unit volume of 
the condenser per degree C, and the driving temperature difference was 
evaluated using the arithmetic instead of the logarithmic mean temperature 
difference, this choice was consistent with the recommendations of 
Ch 
[43] 
aye. The volume used in the computation was that enclosed between 
the spray nozzle and the point of steam introduction plus the volume of 
the bottom end cover, which was taken as approximately conical in order 
to allow for the volume reduction caused by the water hold-up level 
before the outlet. This volume was assumed to be filled with water 
droplets. 
Thus the VHTC was evaluated-as: 
VHTC = (T2-T3)+(Tl-Tin) V 
2 H 
where, VH is the volume of the condenser for a particular nozzle -
height, m3 
f = conversion factor (=1900) to SI units VHTC in w/m3oc. 
c 
(49) 
Since the volumetric heat transfer coefficient, as evaluated here, 
does not take into account the spray nozzle characteristics, these had 
to be evaluated separately for reference purposes. Also, for comparison 
with surface condensers the surface heat transfer coefficient was 
evaluated, for a limited number of experimental sets, by substituting 
in equation (49) the volume term, VH' by the spray surface area, As' 
obtained from mean drop size. Appendix IC. 
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4.5.3 Evaluating the Volumetric Heat Transfer Coefficient 
A computer program .• "" in BASIC V language, was created to evaluate, 
from the experimental readings, the air mass flow rates, the steam mass 
flow rates, the total duty, and then the volumetric heat transfer 
coefficients, using the equations as developed previously. A listing of 
the programme is shown in Appendix lA. 
First, the experimental readings were taken from the data files in 
which they were store~ statement numbers 100-151. The temperature and 
pressures were converted to degrees Fahrenheit and lb. force/ft2 
respectively, statement numbers 220-230, (Imperial units were used 
throughout the calculations for convenience, then finally converted to 
SI units). The air nozzles diameters were given, statement numbers 50-90. 
For a set of data then read, the air flow rate was calculated, by 
distinguishing the air flow regime, subsonic or sonic, and using the 
appropriate set of equations, i.e. (24), (28), (30), (31) or (34) 
respectively, statement numbers 580-660 or 690. 
The steam mass flow rate at inlet was obtained by equations (36), 
(37),(38) ,(39) a~d (40), statement numbers 740-810. 
From the overall enthalpy balances, equations (43), (44), (45) and 
(46), statement numbers 830-870, the enthalpy change of water was 
obtained, equation (47), statement number 880, representing the total 
duty of the condenser. 
The volumetric heat transfer coefficient was finally calculated by 
equation (49), the contact volume VH was specified for each nozzle 
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height used, statement numbers 920-971. 
All flow rates were converted to SI units, statement no. 972-976 
and printed together with the nozzle height and the volumetric heat 
transfer coefficient, Appendix lB. 
The same notation, as above, was used throughout the program 
CHAPTER 5 
CORRELATION OF DATA 
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5.1 GENERAL FORM OF CORRELATING EQUATION 
To obtain the general form of the correlating equation the 
experimentally determined values of the volumetric heat transfer 
coefficient were plotted against each experimental variable, keeping 
each time the others constant, for the nozzles used. Typical graphs 
produced in this way, are shown in Figures 13,14,15,16, Appendix IIA. 
Thus, the general trend of the dependance of the VHTC on each variable 
was established. 
From the examination of these plots the following were deduced, 
for all spray nozzles utilized: 
i) the VHTC increased with increasing steam mass flowrates. 
The increase was almost linear, although a tendency of the 
curves, for high flowrates, to flatten out was observed. 
ii) the VHTC increased with increasing water mass flowrates. 
This increase was only slight for most cases, and some 
plots were obtained for when the VHTC seemed to be 
independent of the water flow rate. 
iii) the VHTC decreased with increasing air mass flow rates. 
The decrease was sharp initially, as the air component 
was firstly introduced into the system, but the rate of 
decrease was reduced for higher air flow rates. 
iv) the VHTC decreased with increasing nozzle height. 
From the above analysis an empirical correlating equation of the 
general form, 
w"(l) sx(2) 
VHTC = .:..:.....-~:----;--::7 [C+Ax (3) ]Hx (4) (50) 
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Where, C is the overall constant of the equation, and the term [C+Ax (3») 
was included to allow for the cases when no air was present in the 
system, that is when A would be equal to zero. 
A first indication of what the values of the exponents x(l) ,x(2), 
x(3) and x(4) were for each nozzle, was taken from the slopes of best 
straight lines on multiple plots of the VHTC versus each variable on 
logarithmic scales. 
For example, estimating the value of x(4) with the solid cone spray 
nozzle BK-lOmm, plots were obtained on logarithmic scales of VHTC versus 
nozzle height for varying steam flow rates, varying water flow rates, 
and varying air flow rates, keeping each time the other variables at a 
constant value. Best straight lines were then fitted to the points and 
the slopes of the lines were calculated. Similarly for the other 
exponents and for all nozzles used. Sample plots are shown in Figures 
17, 18, 19, 20, Appendix lIB. 
The slopes of the lines fitted were approximately constant, and 
thus it was concluded that the values of the exponents, in each case, 
were constants and not functions of the other variables. 
The correlation problem was then reduced to minimizing the 
difference of the squares of the two sides of equation (50) with respect 
to the exponents on the variables and the overall constant C. This was 
achieved using the corrected Gauss-Newton method, described in the next 
section, with initial guess of the minimum at the values of the exponents 
as obtained before. 
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5.2 THE MINIMIZATION ~mTHOD 
5.2.1 Description 
The routine employed to carry out the minimization of the function, 
was adapted from the NAG library[44] numerical analysis computer 
package, and it was a comprehensive algorithm for finding an unconstrained 
minimum of the sum of squares of M non-linear functions in N variables 
(M>N) • 
The duty that the routine performed can be described as: 
Minimize F (~ = 
M 2 ~ [fi (~] 
i=l 
(51) 
I residuals f , was: 
w"(l) sx(2) 
f. (x) = "----=--.,..,,.,.---:-:-:- - VIITC 
L - (x(5)+Ax(3»Hx(4) (52) 
From the starting point sUPPlie4~(1),the routine generated a sequence 
(2) (3) 
of points x ,~ , .•. which was intended to converge to the minimum 
of F(~). 
The sequence of points was given by: 
(53) 
(k) . (k) 
where the vector P was the direction of search, and a was chosen 
such that F (~(k) + a (k)£,(k) ) . t 1 i . . th t was approxLma e yam nLmum WL re spec 
to a (k) • 
(k) 
The vector P used depended upon the reduction in the sum of the 
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squares obtained during the last iteration. When the sum of the 
(k) 
squares was sufficiently reduced then P was an approximation to the 
Gauss-Newton direction; otherwise additional evaluations of the function 
f.(x) were made so as to enable p(k) to be a more accurate approximation 
~-
to the Newton direction. 
The method[45] was designed to ensure that steady progress was 
made towards the minimum whatever the starting point, and to have the 
rapid ultimate convergence of Newton's method. 
5.2.2 The Application of the Method 
A computer programme, in FORTRAN 77 language, was created to 
facilitate the above minimization method, and to use the NAG routine 
in solving the problem encountered. 
The function f.(x), as described, was supplied by means of the 
~-
subroutine LSQFUN made to calculate the values of f.(x) at any point x. 
~-
The progress of the minimization process was monitored continuously 
by the subroutine LSQMON, designed to print the current values of ~ 
every five iterations, and also the sum of the difference of the squares 
at x for the same interval. The subroutine supplied, each time it was 
called, in addition to the above some more information: (i) the number 
of times the subroutine LSQFUN was used to evaluate f. (x), (ii) the 
~-
GRADE of the Jacobian matrix, which can be used as an approximation to 
the curvature of the function (at the minimum the curvature should be 
zero), iii) the singular values of the Jacobian matrix (should be non-
zero for the minimization to continue), and iv) the gradient of the 
----------------------- ---------------------------
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Jacobian matrix at that point. 
At the end of the minimization process the values of the exponents 
on the variables and of the constant were printed, together with the 
sum of the difference of the squares at the minimum reached. A list of 
the prograntr", text and a typical run (for the BK-7.1mm S.C. nozzle) 
can be seen in Appendix IlIA. 
To ensure that the minimum reached was global and not a local one, 
a second run of the progran with completely different starting point 
was attempted. The same values for x were obtained, although the number 
of iterations needed was far greater. 
The values of x thus obtained are shown in Table 2. 
5.3 PREDICTED VALUES OF THE VOLUMETRIC HEAT TRANSFER 
COEFFICIENT 
The values of the volumetric heat transfer coefficient predicted 
by the correlating equations formulated, were very close to the ones 
obtained from experimental measurements, Figures 21,22,23,24. Appendix IIIB. 
Analytically, for each spray nozzle used, the agreement of the 
predicted values with the experimentally determined ones was: 
i) BI - 6.35mm, hollow cone: the 350 points were within a band of 
spread ±15%. 
ii) BI - 9mm, hollow cone: 95% of the 480 points were within a band 
of spread ±20%. 
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iii) BK - 7.lmm, solid cone: 94% of the 580 points were within 
a band of spread ±15%. 
iv) BK - lOrnm, solid cone: 95% of the 480 points were within 
a band of spread ±18%. 
Nozzle Type x(l) x (2) x (3) x (4) C 
BI - 6.35mm 0.07 1.1 3.3 0.6 7.33xlO -7 hollow cone 
BI - 9lIlI1l 0.2 0.95 3.1 -6 hollow cone 0.6 1.lxlO 
BK - 7.lmm 
solid cone 0.2 0.7 3.0 0.58 2.3xlO 
BK - lOrnm 
solid cone 0.14 0.99 3.1 0.7 1.2xlO 
TABLE 2: Values of the exponents and overall constant for 
correlating equation (50) 
-6 
-6 
Fair's[26) design equation for a column of diameter 38.6cm with 
solid cone spray nozzle, orifice diameter 8.3mm was, in SI units, 
ha g = 
866.7 GO•82 LO•47 
z~·38 (54) 
When this correlating equation was used to predict the volumetric heat 
transfer coefficients, for the spray condenser under investigation here, 
very poor agreement was obtained with the measured values, Figure 23, 
Appendix IIIB. 
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The disagreement can be attributed to the different nature of the 
experiment from which data were derived (Fair used moist-air water 
Thus, the h a representing the sensible heat, convective g 
volumetric heat transfer coefficient was bound to give conservative 
predictions for the overall VHTC as evaluated here, which includes also 
the large condensation duty component of this system. 
CHAPTER 6 
CALCULATIONS 
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6.1 SPRAY NOZZLES CHARACTERISTICS 
6.1.1 Flow Number 
Each spray nozzle is characterized by a flow number, F, which is 
defined by the equation relating the pressure drop across the nozzle to 
the nozzle volumetric flowrate, 
Q = F(lIp) t (15) 
The flow number was approximately constant, when evaluated from 
experimental readings of Q and lip, for each nozzle used, and average 
values obtained are shown in Table 3. 
Nozzle type Average flow number 3 2 t (m ! sec! (N!m ) ) 
BJ - 10 mm 7.70 x lO-7 
hollow cone 
BK - 7.lmm 1.36 x lO-6 
BK - lOmm 1.54 x 10-6 
solid cone 
BI - 6.35mm 1.15 x lO-6 
BI - 9mm 1.38 x 10-6 
hollow cone 
TABLE 3: Spray nozzle average flow numbers 
6.1.2 Mean Drop Size 
Because of the mechanisms of droplet formation, as discussed in 
Chapter 2, a spray consists of drops with a distribution of sizes. 
To obtain the mean drop size, in the absence of manufacturer's data 
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for the spray nozzles used, an experimental correlation was utilized. 
. [1] Dombrowski's correlation, from 42 different commercial nozzles, for 
water at 20·C, was proved to be the most accurate of those found in 
the literature: 
(14) 
Values of mean drop size obtained using the above correlating equation, 
for the spray nozzles used, were tabulated in Table 4. 
The mean drop size decreases with increasing pressure drop across 
the nozzle orifice, Figure 25. 
The surface area of the spray, based on mean drop diameter, can be 
calculated as: 
A 
s 
=GQ 
d 
derived from the definition of the Sauter mean diameter. 
(55) 
Some typical values of surface heat transfer coefficients based on 
this area, are shown in Appendix IC. 
G.l.3 Extent of Continuous Film 
The water emerges from the spray nozzle orifice as an approximately 
conical film, whose magnitude varies with orifice diameter and pressure 
drop. The existance of the continuous film, before it breaks-up into 
droplets, can be inspected visually for the larger orifice nozzles when 
used with low throughputs. It seems though, that it vanishes quickly. 
For high water flow rates, the spray appears to consist entirely of 
drops. 
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Figure 25: Nozzle Pressure Drop vs. Mean Drop Size 
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Water volumetric Nozzle pressure Mean drop Nozzle type flow rate x10-3 , drop, (kN/m2 ) size, 
(m3 Is) (microns) 
ID - lOmm 0.20920 68.95 570 
hollow-cone 0.26145 117.21 470 0.39224 227.52 387 
0.52302 393.00 324 
BI - 6.35mm 0.39224 117.21 539 
hollow-cone 0.52302 193.05 462 0.65369 310.26 392 
0.78447 386.10 374 
BI - 9mm 0.39224 82.73 670 
hollow-cone 0.52302 137.90 546 0.65369 199.94 489 
0.78447 275.79 442 
BK - 7.1mm 0.39224 82.73 670 
solid-cone 0.52302 137.90 546 0.65369 206.84 481 
0.78447 296.47 427 
BK - lOmm 0.39224 68.95 703 
solid-cone 0.52302 110.31 611 0.65369 158.58 549 
0.78447 220.63 495 
Note: The largest stable droplet size that can exist in 
the spray condenser is 4.5mm, obtained from the 
critical Weber number, eqn. (19), i.e. We =6. 
criticaZ 
TABLE 4: Mean drop sizes 
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Spray 
surface2 
area (m ) 
2.20 
3.34 
6.08 
9.68 
4.37 
6.79 
10.00 
12.58 
3.51 
5.75 
8.02 
10.65 
3.51 
5.75 
8.15 
11.02 
3.35 
5.13 
7.14 
9.51 
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High speed photography examination[4] has revealed that this is not 
so, and has proved that even at very high pressure drops across the 
nozzle orifice, the extent of this continuous film is considerable. 
The distance from the orifice at which the film breaks-up into 
unstable filaments and then drops, was found to be dependent not only 
on the linear dimensions of the nozzle itself, or the physical properties 
of the fluid sprayed, but also on the environment in which it is 
discharged. 
Since the significance of the continuous film phase in the heat 
transfer process has been confirmed in the literature, an indication of 
its extent was necessary. Values were obtained using the empirical 
correlation formulated by weinberg[4] , equation (1), and are shown in 
Table 5. They were subsequently used in estimating the axial velocity 
variations of the spray, from the point of its discharge until the 
break-up point. 
6.1.4 Velocity of the Spray 
6.1.4.1 Discharge Coefficients 
The theoretical velocity of discharge of a spray can be obtained 
from the theory of flow of incompressible flUids!46] if frictional and 
surface energy effects are ignored, as: 
(56) 
Neglecting the velocity of approach, ul ' inside the 3/4" supply line, 
=/6P Pw (57) 
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Allowing for the energy dissipated as frictional loss across the 
nozzle, the discharge coefficient must be taken into account. The 
discharge coefficient depends on the nozzle design, design of the insert, 
and the orifice dimensions. Thus, 
u = C /flP o d p 
w 
(3) 
Performing a simple mass balance over the nozzle: 
(58) 
From values of the water mass flow rates through the nozzles, and 
corresponding pressure drops, the discharge coefficient for each nozzle 
used, was calculated, shown in Table 5, together with actual initial 
velocities of the spray, calculated from eqn.(3). 
6.1.4.2 Velocity Coefficients 
The changes in kinetic energy which take place along the film phase 
can be accounted for, with a reasonable degree of accuracy, by the 
velocity coefficient. The deceleration of the spray from the orifice 
onwards is rapid, and its velocity at the point where it breaks-up, to 
form droplets, is substantially lower than the injection velocity. 
The velocity coefficients at the edge of the continuous film were 
calculated using equation (5), and the velocities at that point by 
equation (4). The initial velocity of all drops formed, irrespective 
of size, was taken to be the same as that of the film at break-up, which 
was consistent with the literature. 
Nozzle type 2 lip (kN/m ) Average Initial spray Axial extent Velocity Velocity at 
Cd velocity, (m/s) of film, (cm) coeff. , c edge of film, (m/s) v 
BJ - lOmm 68.95 0.23 2.7 1. 75 * 2.7 
hollow-cone 117.21 3.5 1.06 3.5 
227.52 4.9 0.56 4.9 
393.00 6.4 0.33 6.4 
BI - 6.35mm 117.21 0.84 12.4 6.0 0.067 1.0 
hollow-cone 193.05 16.5 4.5 0.200 4.0 
310.26 20.6 3.2 0.312 7.8 
386.10 24.8 2.7 0.366 10.2 
BI - 9mm 82.73 0.50 6.2 8.6 0.067 0.86 
hollow-cone 137.90 8.2 6.3 0.200 3.40 
199.94 10.3 4.8 0.290 5.80 
275.79 12.3 3.8 0.370 8.70 
BK - 7.1mm 82.73 0.78 9.8 7.7 0.07 0.9 
solid-cone 137.90 13 .0 5.8 0.15 2.5 
206.84 16.3 4.4 0.245 5.0 
296.47 19.6 3.4 0.33 8.0 
. 
BK - 10mm 68.95 0.45 5.0 9.95 0.02 0.25 
solid-cone 110.31 6.7 7.6 0.18 2.65 
158.58 8.3 5.9 0.26 4.7 
220.63 10.0 4.6 0.34 7.15 
* Since the axia~ extent of the fi~m for this nozz~e is minima~. the spray can be assumed that emerges 
from the nozz~e orifice as drops. The initia~ ve~ocity of the drops can be taken equa~ to the injection 
ve~ocity of the spray. 
TABLE 5: Axial extent and velocity variation along the continuous film 
'" 
'" 
----------- ------
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Values of the velocity coefficients and final velocity of the 
film, for each nozzle used, are shown in Table 5. 
6.2 SPRAY COLUMN PARAMETERS 
6.2.1 Velocity of Steam-Air Mixtures 
In order to calculate the velocity of the gas mixture at inlet 
and at the nozzle orifice level, the mixture density must be evaluated 
at each set of conditions, for unit time interval. 
The average molecular weight of the mixture: 
i) at inlet: (MW) in = S+A S/18 + A/29 
S2+A 
ii} at nozzle height: (MW) = --~~--~~ 
out S2/l8 + A/29 
(all air entering the system leaves with exhaust gas). 
Assuming ideal gas behaviour, the density of the mixture: 
i) at inlet 
(MW). P 
~n 
PG = 
1 RT2 
(MW) 
out P 
PG = 
2 RTl 
ii} at nozzle height: 
Thus, the steam-air mixtures velocities were calculated as: 
V = mass flowrate of mixture at the specified conditions (density of mixture) x (cross-sectional area) 
a. At inlet conditions: 
i) in 10.15cm diameter part: V· S+A = 1 PG (0.0081) 
1 
VI 
S+A 
= 
PGi (0.07293) . 
ii) in the column: 
( 59) 
(60) 
(61) 
(62) 
(63) 
(64) 
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Steam mass Air mass Air content Density Velocity in Velocity in 
flow rate flow rate (mass %) 3 port, (m/s) column, (m/s) 
(kg/s) (kg/s) (kg/m) 
0.035 0 - 0.586 7.37 0.82 
0.058 " - 0.586 12.21 1.36 
0.065 " - 0.586 13.69 1.52 
0.070 " - 0.586 14.75 1.64 
0.035 0.00040 1.13 0.589 7.42 0.82 
0.058 0.00046 0.78 0.588 12.27 1.36 
0.065 " 0.70 0.587 13.75 1.53 
0.070 " 0.65 0.587 14.81 1.645 
0.035 0.00085 2.4 0.592 7.50 0.83 
0.058 0.0010 1.7 0.590 12.30 1.37 
0.065 " 1.5 0.589 13.82 1.53 
0.070 " 1.4 0.589 14.88 1.65 
0.035 0.0014 3.8 0.597 7.53 0.83 
0.058 0.0018 3.0 0.593 12.45 1.38 
0.065 " 2.7 0.592 13.92 1.55 
0.070 " 2.5 0.591 15.00 1.66 
0.035 0.0035 9.09 0.610 7.80 0.86 
0.058 0.0041 6.60 0.600 12.75 1.42 
0.065 " 5.93 0.599 14.22 1.58 
0.070 " 5.53 0.598 15.32 1.70 
0.035 0.0058 14.20 0.619 8.13 0.90 
0.058 0.0073 11.18 0.612 13.17 1.46 
0.065 " 10.10 0.609 14.64 1.62 
0.070 " 9.44 0.608 15.69 1. 74 
TABLE 7: Steam-air mixtures density and velocities at inlet 
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b. At nozzle level conditions, 
v = 2 
(65) 
In the above calculations the fact that steam is drawn into 
the inside of the effluent cone, by the surface pressure gradient 
associated with the vortex flow of water in the swirl chamber, has not 
been taken into account. It was assumed that the velocity of the 
mixture going through the spray cone was equal to that at points further 
up the column. 
Values obtained by this procedure are shown in Table 7, for inlet 
conditions, and in Table 8, for nozzle height conditions. 
6.2.2 Droplet Entrainment 
In order to obtain an indication of what sizes of droplets were 
entrained by the steam-air mixture flow, a force balance must be 
performed on a drop, of arbitrary diameter d, just formed in the 
condenser a 
The following simplifying assumptions were made to reduce the 
complexity of the problem. 
i) drops were considered as rigid spheres, travelling in 
trajectories parallel to the axis of the nozzle, no inter-
action between drops. 
ii) drops were formed at the edge of the continuous film, and their 
initial velocity was that of the film at that point. 
iii) in the region considered the velocity and density of the 
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steam-air mixtures were as calculated in Section 2.1, 
-5 2 
the viscosity of the mixture was taken as 1.9 x 10 N/m s. 
iv) in the range of drop Reynolds numbers, 0.3<Re<lOOO, 
considered, the drag coefficient, Co' was given by the 
correlation: 
c = o 
18.5 
ReO. 6 
obtained as an approximation of the 'standard curve' 
[47] for spheres. 
(66) 
The forces acting on a drop are: (1) the gravitational force 
acting downwards, (2) the drag, acting upwards, and (3) the buoyancy 
force due to medium density acting upwards. 
These are equated to the acceleration produced: 
where, ~ is the relative velocity of the drop with respect to 
the mixture, m/s, and is equal to (u+v2) 
u = drop actual velocity at any time, m/s 
v 2 = steam-air mixture velocity 
(67) 
When there is no change in the drop velocity, i.e. the drop has reached 
du its terminal velocity Ut and dt = 0, the above equation (67) becomes: 
'ITd3 'ITd3 
° = ~wg - 6 PG g 
2 
1 
--c 8 0 
At that point the drag coefficient would be: 
18.5 I1g. 6 
= 
(68) 
(69) 
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Assuming that fine drops attain their terminal velocities within 
a very small length of fall, deceleration is proportional to 1/dl . 6 the values 
of v2 and PG can be taken as constant in the region. 
Substituting in equation (68) the value of CD' eqn.(69) , and re-
arranging for d: 
0.6 ( )1.41°.625 J.!G Ut + V 2 
- P ) G2 
( 70) d = 
When the steam-air mixture velocity exceeds the terminal velocity 
of a·particular size of drop, this size will be entrained. 
For the case when Ut = v2 , equation (70) becomes: 
= ( 71) 
For a given set of conditions, all drops with sizes less than d 
e 
will be entrained by the effluent gas mixture. 
Sizes of drops entrained, as calculated from the above analysis, 
are shown in Table 8, for the various values of steam-air mixtures 
velocities and densities. 
6.2.3 Spray Column Pressure Drop 
As the ratio of the volume of the dispersed spray drops over the 
total volume of the condenser increases, droplets come so close together 
that the steam-air mixture flow is restricted, and the pressure drop 
increases. Interactions between the drops become then more significant, 
i.e. coalescence effects. 
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The pressure drop across the condenser may be calculated from the 
empirical correlation, obtained from results with spray coolers, as: 
where, 
~p = 10.8 G + 16.2 , 
c w 
G = water mass velocity per unit cross sectional area of 
w 
2 the column, kg/s m , 
2 ~p = pressure drop, N/m • 
c 
( 72) 
For the various water flow rates used here, calculated column pressure 
drops are shown in Table 9. 
-l 
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A. Steam f10wrate at inlet = 0.035 kg/s 
Air f10wrate = 0.0058 kg/s 
Nozzle type Water Uncondensed Density of Velocity of Maximum drop 
and height, f10wrate steam flow mixture at gas mixture diameter 
(m) (kg/s) rate (kg/s) nozzle (m/s) entrained 
height, 
(kg/m3) 
(~) 
HC:BI-6.35mm 
0.80 0.39 0.00103 0.96 0.100 58.0 
0.80 0.78 0.00039 1.07 0.082 58.7 
0.35 0.39 0.00230 0.86 0.132 84.5 
0.35 0.78 0.00082 0.99 0.094 65.2 
HC:BI-9mm 
0.80 0.39 0.00232 0.86 0.132 84.5 
0.80 0.78 0.00073 1.00 0.092 63.9 
0.25 0.39 0.00857 0.71 0.281 156.0 
0.25 0.78 0.00190 0.89 0.122 79.4 
SC:BK-7.1mm 
0.80 0.39 0.00217 0.87 0.128 82.7 
0.80 0.78 0.00041 1.06 0.083 59.0 
0.25 0.39 0.00679 0.73 0.239 136.4 
0.25 0.78 0.00553 0.75 0.209 122.2 
SC:BK-1Omm 
0.80 0.39 0.00232 0.86 0.132 84.5 
0.80 0.78 0.00039 1.07 0.082 58.8 
0.25 0.39 0.00760 0.72 0.258 145.3 
0.25 0.78 0.00266 0.84 0.140 88.7 
HC:BJ-1Omm 
0.80 0.39 0.00077 0.99 0.093 64.5 
B. Steam f10wrate at inlet = 0.070 kg/s 
Air f10wrate = 0.0073 kg/s 
HC:BI-6.35mm 
0.65 0.39 0.0070 0.75 0.254 145.2 
0.65 0.78 0.0017 0.93 0.133 86.5 
0.35 0.78 0.0040 0.82 0.190 114.7 
HC:BI-9mm 
0.65 0.39 0.0119 0.70 0.376 200.5 
0.65 0.78 0.0025 0.88 0.152 96.0 
0.25 0.78 0.0092 0.72 0.314 172.5 
TABLE 8: Droplet diameters entrained continued •.• 
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SC:BK-lOmm 
0.65 0.39 0.0067 0.75 0.254 145.2 
0.65 0.78 0.0014 0.95 0.126 83.0 
0.25 0.78 0.0188 0.70 0.376 200.5 
SC:BK-1Onnn 
0.65 0.39 0.0161 0.67 0.476 244.0 
0.65 0.78 0.0035 0.83 0.176 108.0 
0.25 0.78 0.0082 0.73 0.291 162.0 
HC:BJ-1Onnn 
0.35 0.52 0.0043 0.81 0.098 118.5 
C. Steam f10wrate at inlet = 0.070 kg/s 
Air f10wrate = 0.00046 kg/s 
HC:BI-6.35mm 
0.65 0.78 0.00010 0.92 0.008 7.7 
0.35 0.78 0.00035 0.78 0.014 11.8 
HC:BI-9mm 
0.65 0.78 0.00014 0.89 0.009 8.2 
0.25 0.78 0.00122 0.66 0.035 24.6 
SC:BK-7.1mm 
0.65 0.78 0.00013 , 0.90 0.008 8.0 
0.25 0.78 0.00194 0.64 0.052 34.5 
SC:BK-1Onnn 
0.65 0.78 0.0002 0.84 0.011 9.4 
0.25 0.78 0.0010 0.67 0.029 21. 7 
TABLE 8: continued 
water mass flow rate Pc pressure drop 
(kg/s) (N/m2) 
0.20920 47.2 
0.26145 54.9 
0.39224 74.3 
0.52302 93.2 
0.65369 113.0 
0.78447 132.4 
Note: CoZumn cross-sectionaZ area was 0.07293 m2 
TABLE 9: Pressure drop across the spray condenser 
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7.1 HEAT TRANSFER PERFORMANCE OF THE SPRAY CONDENSER 
The direct contact spray condenser examined here, gave high 
volumetric heat transfer rates. Values of the volumetric heat transfer 
coefficient obtained, for the range of conditions under which the 
3 
condenser was tested, ranged from 26,000 to 195,000 W/m ·C. 
Values obtained for the surface heat transfer coefficient ranged 
from 288 to 1036 w/m2·c, mean drop sizes 374-703 microns, for the 
particular set of conditions selected (Appendix IC) • (12) Brown has 
2 
reported values of the drop side coefficient up to 27,000 W/m ·C, for 
. [2l) drop sizes ranging from 100 to 500 microns, and McNa~r values of 
600-700 w/m2·c, for drops 500 microns in diameter and 70-30 steam-air 
mixtures. 
In comparison, for tubular or surface condenser values of the 
overall heat transfer coefficient, from steam to water with film-type 
condensation, varied from 850 to 4250 w/m2·c depending on the water 
velocity. 
Comparing the performance of spray and surface condensers under 
increasing non-condensible component, air, presence, in the case of 
surface condensers an increase in the air content of the mixture of 10% 
results in a reduction of 81% in the heat transfer coefficient, Figure 
[48] 26, Appendix IV, as adopted from Langen. A similar increase in the 
air content, 10%, in the case of the spray condenser studied here, 
caused a reduction in the value of the surface heat transfer coefficient 
by 19-32%, depending on spray nozzle used, Figure 27, Appendix IV. 
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The difference can be attributed to the formation of an insulating 
layer of air on the surface, which inhibits heat transfer for the case 
of surface condensers. In spray condensers however, the aerodynamics 
of the falling drops reduces this air layer built-up, and the reduction 
in heat transfer coefficient is solely due to decreased steam partial 
. [491 pressure in the gas mLxture. 
A reduction of almost 80% in the heat transfer coefficient has been 
reported!50 1 for condensing steam on a laminar film of water with 
increasing air presence, 0-10% v/v. 
7.2 VARIATION OF THE VOLUMETRIC HEAT TRANSFER COEFFICIENT 
WITH THE EXPERIMENTAL VARIABLES 
The dependance of the volumetric heat transfer coefficient on the 
experimental variables, i.e. water, steam, and air mass flowrates, and 
height of the spray section of the condenser, was established in 
Chapter 5. The general trends observed, from plots of the data obtained, 
were that the VHTC increased with increasing steam and water (although 
only slightly) flow rates, and decreased with increasing air flow rate 
and nozzle height. 
In order to explain these trends the dependance of the transfer 
processes that take place in the condenser upon the experimental 
variables must be analyzed. 
Let us first consider the water spray. water is emerging from the 
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nozzle orifice as a continuous unstable film at high velocities, 
depending on the spray nozzle used. Rapid deceleration of this 
continuous film was shown, Table 4, to take place along its extent until 
it breaks up to form a distribution of droplet sizes, the break-up 
length and the mean drop size being a function of the pressure drop 
across the spray nozzle. 
In the literature[4,2l,22] searched, the importance of the spray 
inlet region in the heat transfer process was pointed out. The transfer 
processes associated with the initial deceleration of the spray and 
transient effects in the drop formation region being much greater than 
in subsequent regions downstream from the nozzle. 
In the absence of experimental means to actually measure the 
temperature change of the spray and due to the difficulty in obtaining 
such measurements accurately at points near the spray nozzle, the 
relative significance that the spray inlet region had, over subsequent 
regions in the condenser, on heat transfer, was examined in terms of the 
thermal ratio and the temperature response of the spray. 
Values for the thermal ratio, i.e. the ratio of heat transfer rates 
actually obtained for twc different nozzle heights Q IQ ,are 
HI H2 
presented in Table 11, for a particular set of conditions and for all 
nozzles used. 
values obtained for the temperature response of the spray eH' i.e. 
the temperature increase of the water within a height of fall divided 
by the initial temperature difference between steam and water, are shown 
in Table 12. 
Steam flowrate = 0.07 kg/s 
Air flowrate = 0.0073 kg/s 
Nozzle type water flowrate 
(kg/s) 
HC: BX-lOmm 0.S2 
HC: BI-6.3Smm 0.78 
HC: BI-9mm 0.78 
SC: BK-7.1mm 0.78 
SC: BK-IOl!llll 0.78 
0.39 
TABLE 11: Thermal Ratios 
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Thermal Ratio 
QO.3S/QO.8=0.9S8 
QO.3S/QO.6S=0.887S 
QO.2S/QO.8=0.848 
QO.2S/QO.8=0.884 
QO.2S/QO.8=0.8S2 
.. 
=0.8 
A. Steam flowrate = 0.07 kg/s 
Air flowrate = 0.0073 kg/s 
Nozzle type Spray injection Initial drop Mean drop Length of fall Length of fall Temperature 
velocity (m/s) velocity (m/s) size (j.tm) of spray (m) of drops (m) response 
HC: BJ-l0mm 6.6 6.6 324 0.45 0.450 0.87 
6.6 6.6 324 0.90 0.900 0.92 
HC: BI-6.35mm 24.8 10.2 374 0.45 0.423 0.57 
24.8 10.2 374 0.75 0.723 0.625 
HC: BI-9mm 12.3 8.7 442 0.35 0.312 0.54 
12.3 8.7 442 0.90 0.862 0.646 
SC: BK-7.1mm 19.6 8.0 427 0.35 0.316 0.564 
19.6 8.0 427 0.90 0.866 0.704 
9.8 0.9 670 0.90 0.823 0.898 
SC: BK-l0mm lO.O 7.15 495 0.35 0.304 0.543 
lO.O 7.15 495 0.90 0.854 0.606 
5.0 0.25 703 0.35 0.250 0.692 
5.0 0.25 703 0.90 0.800 0.867 
.. 
B. Steam flowrate = 0.07 kg/s 
Air flowrate = o kg/s 
HC: BJ-1Omm 6.6 6.6 324 0.45 0.450 0.922 
6.6 6.6 324 0.90 0.900 0.953 
SC: BK-1Omm lO.O 7.15 495 0.35 0.304 0.620 
lO.O 7.15 495 0.90 0.854 0.632 
5.0 0.25 703 0.35 0.250 0.943 
5.0 0.25 703 0.90 0.800 0.982 
Comment: Length of fa~~ of the spray was taken the nozz~e height plus the height of the bottom end aover, and for 
length of fall of the drops the above minus the axial extent of the aontinuous film. 
TABLE 12: Spray Temperature Response 
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From these values it can be deduced that most heat is transferred 
within a short distance, 0.25 or 0.35mm, from the spray nozzle. The 
fresh surface formation, the low inlet temperature of the water and the 
high initial velocities of the spray in the region accounting for the 
greater heat transfer rates. 
Therefore, the considerable decrease in the volumetric heat 
transfer with increasing nozzle height can be attributed mostly to the 
increasing volume of the spray section of the condenser, the increase 
in heat transfer rates contributed by the greater heights being minimal, 
4-15% depending on the nozzle type. 
Also, as the spray droplets are formed, their surface reaches 
close to the steam saturation temperature within a very short length 
of fall, depending on the individual drop size, steam condensing on the 
surface. After that point heat transfer is controlled by the rate at 
which heat penetrates into the drops by conduction, for fine drops, or 
by convection, due to internal circulation, for coarser drops. Both 
processes being slow compared with condensation. 
For fine drops, sizes less than 500 microns, the mode of heat 
transfer can be taken as conduction through a rigid sphere, as indicated 
[12] by Brown. Heat penetrates into the droplet at a rate much slower 
than steam condensing on its surface, and thus a temperature profile is 
established inside the drop from its colder centre to the surface, which 
is at the steam saturation temperature. Beyond that point the droplet 
is incapable to condense any more steam, its effective lifetime in the 
------------
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condenser being reached within a short length of fall, depending on the 
initial velocity. 
For coarser drops the rate of heat penetration is governed by 
convection, due to internal circulation, and a uniform temperature is 
thus obtained inside the drops. Steam continues to condense on the 
drops' surface until they become saturated after a short length of fall, 
which depends on the individual size and initial velocity. 
2 The deceleration of a drop is proportional to lid approximately, 
so as the drop size is reduced the distance travelled by a drop in a 
given time is also reduced. The temperature change of the drop in that 
time, or the amount of steam condensed per unit mass of drop, is greater. 
As a result finer drops are more effective in terms of required length 
of fall to fully utilize their condensing capacity. But, as the drop 
size is reduced the fraction of small droplets whose terminal velocity 
is less than that of the steam-air mixture, and thus are entrained, 
becomes larger. 
On the other hand, coarser drops with high initial velocities have 
their residence times in the condenser reduced considerably, and they 
leave the condenser without their heat capacity to be fully exploited, 
thus the poor temperature responses obtained, Table 12. For low initial 
velocities, the residence time is increased, and the longer the length 
of fall the better the temperature response obtained, until saturation 
is reached. 
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The data plotted in Figure 30, Appendix IV, indicate that for a 
particular set of conditions, better heat transfer rates are achieved 
with increasing water flowrates, which can be attributed to the formation 
of more fresh surface in the condenser. But, the increase in volumetric 
heat transfer coefficient is only slight. This can be explained by 
considering the variation of the mean temperature difference with water 
flowrate. 
The temperature difference at the top of the condenser, 6Tt =Tl-T, , op 1n 
i.e. near the spray nozzle, decreases with increasing water flowrate. 
Since the water inlet temperature is constant, this result means that 
with the increasing presence of water, better cooling of the steam-air 
mixture is achieved, and less steam leaves uncondensed. 
The temperature difference at the bottom of the condenser, 
T = T2-T3 , i.e. at the point of steam-air mixture introduction, bottom 
increases with increasing water flowrate. Since the steam inlet 
temperature is constant, this means that the water outlet temperature 
decreases. This can be attributed to the greater mass of water injected 
at higher velocities. With higher injection velocities, although 
better penetration is achieved, the effective residence time of the 
drops is considerably shortened, and the extent of the continuous film 
is reduced. 
Because the rate of increase of the temperature difference at the 
bottom of the condenser is higher than the rate of decrease of the 
temperature difference at the top, the mean temperature difference 
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driving force increases with increasing water flowrates. Since the 
volume of the spray section of the condenser is constant, for a particular 
nozzle height, the increase in heat transfer rate is balanced out by the 
increase in mean temperature difference and only slightly higher values 
of the volumetric heat transfer coefficient are obtained. Figures 28,29, 
Appendix IV. Exponents on water flowrate in the correlating equations 
obtained, ranged from 0.07 to 0.2. 
From the above it can be deduced also that the volumetric heat transfer 
coefficient will be independent of the water flowrate, for a given 
volume, if the conditions are such that, the rate of increase of the 
heat transfer rate is equal to the rate of increase of the mean 
temperature difference. 
Also from Figure 30, the use of the arithmetic mean temperature 
difference in the computation of the volumetric heat transfer coefficient, 
instead of the logarithmic one, is justified considering the cases: (i) 
when the temperature difference at the bottom of the condenser becomes 
zero, i.e. the water outlet temperature reaches the steam inlet 
temperature, the ratio of the temperature differences, ~T /~Tb tt ' top 0 om 
is indeterminant, and (ii) at the point where the two temperature 
differences are equal, ~Ttop = ~Tbottom' the logarithm of their ratio 
is zero and the computation of the log-mean temperature difference is 
impossible. 
The spray has a spray angle of nearly 90 degrees, so that some drops, 
generally the larger diameter ones, quickly reach the wall of the 
condenser. From this point on the condenser acts partly as a wetted 
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wall column, with the falling film of water mixing and creating fresh 
surface down the column for further condensation. The effect of this is 
uncertain, and to what extent it influences the heat transfer has to be 
investigated by using condensers of different diameters and narrower 
cone sprays. However, indications only exist that it is a desirable 
effect, although it increases the void fraction of the column, because 
fresh surface is generated near the point of the steam-air mixture 
introduction. 
Let us consider now the steam or steam-air mixture flow up the-
column. 
Pure steam or steam-air mixtures, where air represents initially 
only a small fraction of the mixture, enter at the bottom and side of 
the column. At the point of introduction the concentration of steam, 
its temperature and partial pressure, and the velocity of the mixture 
are greatest. Condensation rate in this region is high. 
As the steam-air mixture moves up the column a pOint is quickly 
reached, where air is first saturated, a proportion of the steam 
initially present in the mixture being condensed. Then the column 
behaves as a condenser-cooler, and further condensation of steam can 
only happen if the mixture is cooled (to form 'dew') !51] 
Moving further up the column, the saturated air comes adjacent to 
the spray inlet, where conditions are best for cooling of the mixture 
to take place. 
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So, two regions, it is suggested, are established inside the 
condenser, one at the bottom inlet where condensation rate is high, and 
one at the top, near the spray inlet, where most of convective heat 
transfer occurs!521 The extent of each is very difficult to determine 
experimentally, but from the heat transfer data obtained it was shown 
that the shorter the height of the spray section of the condenser, i.e. 
the closer the two regions were brought together,. the higher were the 
values of the volumetric heat transfer coefficient obtained. 
For a steam-air mixture the rate of condensation of steam is mainly 
determined by the mass transfer resistance in the vapour phase. The 
concentration of air at the interface, where condensation takes place, 
is higher than in the bulk of the vapour mixture. The rate at which· 
steam reaches the surface of the drop is thus governed by its rate of 
diffusion through a layer of the non-condensible component, air, 
surrounding the drop. However, the aerodynamics of the falling drop 
will tend to reduce this air built-up around it. 
So, for a constant air flowrate into the system, an increase in 
the steam flowrate results in increased concentration of steam in the 
bulk and higher steam partial pressure in the mixture, i.e. higher mass 
transfer driving force, and consequently higher heat transfer rates are 
obtained. 
The greatest values of the volumetric heat transfer coefficient 
obtained were with pure steam, when the highest 'partial' pressure 
(atmospheric) of steam is achieved. The rate of steam condensation 
in that case is so high that the rate controlling step is the drop 
side resistance. 
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For coarse drops, where heat was said to penetrate inside a drop 
by convection, the resistance offered is much less than that of finer 
drops, where heat penetrates by conduction and a temperature profile 
is established. Thus, for fine drops, mean drop size 324 Iilll, the 
temperature response increased by 3-5%, Table 12, in the absence of air 
in the system, and for coarser drops, mean drop size 703 Iilll, the increase 
was in the order of 10 to 25%, depending on the length of fall. 
The volumetric heat transfer coefficient decreases rapidly as air, 
the non-condensible component, is initially introduced into the system, 
and continues to decrease, for a given steam flowrate with increasing 
air flowrate until that reaches a particular value. After this point 
any further increase seems to have no significant effect on the VHTC. 
An explanation of this is that as the air content in the steam-air 
mixture is increased, the partial pressure of steam decreases and more 
steam leaves the condenser uncondensed in equilibrium with air, Table 8, 
the process being one of convective heat transfer with cooling of the 
gas mixture, rather than condensation. 
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7.3 COMPARING THE PERFORMANCE OF THE SPRAY CONDENSER WITH 
DIFFERENT SPRAY NOZZLES 
In comparing nozzles with similar flownumbers, hollow cone BI-9mm 
and solid cone BK-7.1mm, the assumption was made that for similar 
pressure drops across the spray nozzles, similar drop size distributions 
were obtained. [Mean drop sizes calculated, Table 4, showed great 
similarity]. 
From Figures 31, 32, Appendix IV, it can be seen that with the solid 
cone spray nozzle slightly higher volumetric heat transfer coefficients 
were obtained. 
The difference in the performance must be attributed to the 
difference in nozzle design. With the solid cone nozzle an even 
distribution of droplets is produced across the cone of the spray, 
which results in a more uniform mixing of the vapour phase. With the 
hollow cone nozzle droplets produced are concentrated in the periphery 
of the cone, leaving the centre virtually free of spray particularly 
near the nozzle orifice, which might give rise to flow patterns in the 
vapour phase and result in considerable departure from counter-current 
flow·between the spray and the steam-air mixture. Also, because of this 
distribution of the droplets across the cross section of the column by 
the latter nozzle, the void volume fraction of the condenser is increased 
and more drops strike the wall of the column increasing the extent of 
the wetted wall effect. 
At high steam flowrates, 0.07 kg/s, the hollow cone spray nozzle 
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gave the better performance. This was also suggested by the exponents 
on steam flowrate in the correlating equations formulated, which were 
0.95 and 0.7 for the hollow and solid cone nozzles respectively, 
indicating that the rate of increase of the volumetric heat transfer 
with increasing steam flowrates is greater for the hollow cone nozzle. 
This could be due to the increased extent of the continuous film 
produced by this type of spray nozzle, which becomes more significant at 
higher steam concentrations, especially at the lower nozzle heights. 
The better heat transfer performance obtained with the solid 
cone spray nozzle is in agreement with the literature, where the use of 
this type of nozzle has been proposed for counter-current operation of 
the condenser. 
For a particular spray nozzle design, i.e. hollow cone BI or solid 
cone BK, and for any given set of values of the experimental variablesT 
the nozzle with the smaller orifice diameter gave the higher volumetric 
heat transfer coefficients. This can be attributed to the greater 
pressure drops across the nozzle orifice, resulting in higher injection 
velocities of the spray and smaller mean drop size of the distribution 
obtained. 
Examining the data obtained for all spray nozzles used, the better 
heat transfer performance of the condenser was achieved with the lowest 
flow number nozzle, hollow cone BJ-lOmm, for which the smallest mean 
drop sizes injected at the highest velocities, for any particular water 
throughput, were obtained. Plots comparing the performance of this type 
of nozzle with the hollow cone BI-6.35 n~ are shown in Figures 33,34,35, 
36, Appendix IV. 
CHAPTER 8 
CONCLUSIONS AND RECOMMENDATIONS FOR 
FURTHER WORK 
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8.1 CONCLUSIONS 
The general conclusions drawn from this investigation are that: 
1. the direct contact spray condenser gives high rates of volumetric 
heat transfer, values of the volumetric heat transfer coefficient 
obtained were in the range of 26000 to 195000 w/m3oc. 
2. the volumetric heat transfer coefficient varies with the experimental 
variables as: 
(i) increases with increasing steam and water flow rates. 
(ii) decreases with increasing height of the spray section 
of the condenser, and air flow rate. 
3. the heat transfer data obtained were correlated by the general form 
equation: 
4. for each spray nozzle used, the values of the volumetric heat 
transfer coefficient predicted by the correlating equation, were in 
close agreement with the experimentally determined ones. 
5. the correlating equation can be proposed only for design of spray 
condensers, with parameters and spray nozzle characteristics similar 
to the ones from which it was formulated. 
6. comparing the performance of the different spray nozzles used: 
(i) for nozzles of different designs with similar flow 
numbers, slightly better heat transfer performance was 
obtained with the solid cone spray nozzle. 
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(ii) for a particular nozzle design, hollow or solid cone, 
doubling the orifice cross-sectional area for flow 
resulted in lower values of the volumetric heat transfer 
coefficient. 
(iii) the best overall heat transfer performance was obtained 
with the hollow cone spray nozzle, which had the lowest 
flow number. 
8.2 RECOMMENDATIONS FOR FURTHER WORK 
For improvement of the present experiment and further work in the 
field, the following are proposed: 
1. Obtain the actual drop size distribution, either by high speed 
photography, or by collection methods, for each spray nozzle used 
and at the different pressure drops across the orifice, so that, 
the mean drop size can be evaluated accurately and the mass of water 
entrained per kg of vapour mixture can be computed. 
2. Install a series of thermocouples at varying heights down the column, 
so that, a temperature profile of the vapour mixture can be 
established, and the relative importance of the different regions in 
the condenser can be analyzed. 
3. In order to study analytically the significance of the continuous 
water sheet on the heat transfer process, measure experimentally its 
extent, the velocity at the edge, before break-up, and the 
temperature rise. 
4. Use columns of greater diameters, diameter to be increased by 12, 
so that the cross-sectional area is doubled, keeping the vapour 
mixture and volume of the spray sections at the levels used here. 
In this way, the condenser diameter can be included as a variable 
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in the correlating equations, which then can be utilized for general 
design purposes and scale up for industrial applications. 
5. Use different narrower cone angle spray nozzle to examine the effect 
of wall wetting in the heat transfer process. 
6. Use several spray sections in the condenser, so that true counter-
current flow of the two phases is achieved. 
7. For further experimentation, attempt factorial experimental design[53] 
and multivariabLeregression, in order to reduce the amount of 
experimental data needed for analysis, and to obtain the effects of 
the interaction of variables. 
8. Attempt to formulate a theoretical model describing the transfer 
processes taking place, and which could be tested against experimental 
observations. 
APPENDICES 
APPENDIX lA 
LISTING OF PROGRAM To EVALUATE THE V.H.T.C. 
1 REM EVALUATION OF V.H.T.C 
5 REM AIR NOZZLE DIAME'lERS, (ft.) 
50 D(I)=O.063/12 
60 D(2)=O.094/12 
70 D(3)=O.25/12 
80 D(4)=O.188/12 
90 D(5)=O.125/12 
95 REl'I DEFINE J:lIl.TA FILFS 
100 DEFINE FILE i1='SOL8', ASC SEE' ,200 
110 DEFINE FILE #2= 'S0L65 , , ASC SEE' ,200 
120 DEFINE FILE 1I3='S0L6', ASC SEE' ,200 
130 DEFINE FILE #4='5015', ASC SEE' ,200 
140 DEFINE FILE #5='50L40', ASC SEE' ,200 
150 DEFINE FILE #6='SOL35', ASC SEE' ,200 
151 DEFINE FILE #7='SOL25', ASC SEE' ,200 
155 A1=O 
160 A2=O 
165 A3=O 
170 M=O 
175 A5=O 
177 A6=O 
180 5=1 
185 REWIND #1 
190 REWIND #2 
195 REWIND #3 
200 REWIND #4 
205 lID'lIND #5 
210 REWIND #6 
212 REWIND #7 
213 REM OOtllJERTIOO 'ID HIP. UNITS 'I'lWD P (F,and 1b.force/sq.ft.) 
220 DEF FNA(T) ='1'*1.8+32 
230 DEF FNB(P)=P*2.78526 
231 P=760 
270 PRINT 
275 H=0.8 
290 READ #1,To,T2,Win,Tin,T3,Tl,N,PIl 
300 GOlO 500 
310 H=0.65 
330 READ #2,To,T2,Win,Tin,T3,Tl,N,PIl 
340 GOlO 500 
350 H=0.6 
370 READ #3,To,T2,Win,Tin,T3,Tl,N,PIl 
380 GOlO 500 
390 H=0.5 
410 READ 1~4,To,T2,Win,Tin,T3,Tl,N,PIl 
420 GOlO 500 
430 H=0.4 
450 READ #5,To,T2,Win,Tin,T3,Tl,N,PIl 
460 GOlO 500 
470 H=0.35 
490 READ #6,To,T2,Win,Tin,T3,Tl,N,PIl 
495 GOlO 500 
496 H=0.25 
498 READ #7,To,T2,Win,Tin,T3,Tl,N,PIl 
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499 GOro 500 
SOO To=FNA(To) 
505 P=760 
510 Tin=FNA(Tin) 
520 T3=FNA(T3) 
530 Tl=FNA(Tl) 
540 T2=FNA(T2) 
550 P=FNB(P) 
560 PIl=FNB (PIl) 
565 ~lin=Win/3600 
570 IDl CALOJLATION OF A WHEN USrn:; A NOZZLE 
580 K=1.4 
590 C=0.97 
600 IF N=O GOTO 720 
610 IF (P-PV)/P<0.5 THEN 690 
620REl1 SUBSCmC FLaT 
630 G= (P-Pv) /P 
640 Y=«(K*GA(2/K»*(1-(GA«K-l)/K»»/«K-l)*(1-G»)AO.5 
650 Vl=53.3*(To+460)/P 
660 A=6.3*C*D(N)*D(N)*Y*«Pv/Vl) AO.5) 
670 GOro 730 
680 REI'l SONIC FLaT 
690 A=(0.418*C*D(N) *D(Nl *P)/ «To+460) AO .5) 
700 REM CALOJLATION OF 'IDTlIL lllTY 
710 GOTO 740 
720 A=O 
740 Sl=( (\'iin* (T3-Tin» -(A*0.24* (T2-Tl» ) / (1064.75+0 .405* (T2-T3» 
750 Pl=EXP(15.109-(6914.2/(Tl+378.8») 
755 PJ&M PI IN inches Hg 
756 REI'l Cl:llVERTm:; PI 'ID lb. force/sq. ft. 
758 Pl=Pl*70.7 
760 P2=P-Pl 
770 IF P2>O GOTO 800 
780 IF P2<0 THIlI PRWT'!!!!!!!' 
790 GOTO 2000 
810 S2=A*PlI(1.6*P2) 
820 H2=A*Tl*0.24+S2*(1064.75+O.405*Tl) 
830 Wout=\vin+S-S2 
840 Po=S*P/(S+All.6) 
842 REl1 a::tNERTlllG Po 'ID inches Hg 
845 Po=Po/70.7 
850 T=6914.2/(15.109-LOG(Po»-378.8 
860 Hl=A*T2*0.24+S*(1064.75+O.405*T+(0.452+O.002*Po)*(T2-T» 
870 H3""l'in*Win 
880 H4=H3+Hl-H2 
890 IF T<T3 THEN PRINT 'T3 IS 'IDO HIGH' 
900 Dl=(H4-H3)*2*1055.06*1.8/(T2+Tl-Tin-T3) 
910 REl1 CALaJLATION OF V.H.T.C 
920 IF H=0.8 THEN Ul=DlIO.0607 
930 IF H=0.65 THEN Ul=Dl/0.0498 
940 IF H=0.6 THEN Ul=Dl/0.0462 
950 IF H=0.5 THEN Ul=DlIO.0389 
960 IF H=0.4 THEN Ul=Dl/0.0291 
970 IF H=0.35 THEN Ul=DlIO.0279 
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971 IF H=0.25 'lHEN Ul=01I0.02066 
972 Win=0.453592*Win 
974 8=0.453592*5 
976 A=0.453592*A 
980 PRlNT H: I , , :Win: ' , I :S: I " :A: ' " :U1 
990 ON END #7 GOTO 2000 
995 IF A6=1 GOTO 496 
1000 ON END #6 GOTO 1600 
1010 IF AS=l GOTO 470 
1020 ON END #5 GOTO 1500 
1030 IF A4=1 GOTO 430 
1040 ON END #4 GOTO 1450 
1050 IF A3=1 GOTO 390 
1060 ON END #3 GOTO 1400 
1070 IF A2=1 GOTO 350 
1080 ON END #2 GOTO 1350 
1090 IF AI=l GCrnO 310 
1100 ON END #1 GOTO 1300 
1110 ooro 290 
1300 AI=l 
1310 ooro 310 
1350 A2=1 
1360 ooro 350 
1400 A3=1 
1410 ooro 390 
1450 M=l 
1460 GOTO 430 
1500 AS=l 
1510 GOTO 470 
1600 Afi=1 
1610 ooro 496 
2000 am 
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APPENDIX IB 
EXPERIMENTAL READINGS AND DATA 
1. SOLID <DNE IDZZLE: BK - 7.1nm 
2. SOLID <DNE IDZZLE: BK - 1Qrm 
3. HOLI.CW <DNE IDZZLE: BI - 6.35rrm 
4. HOLLOW <DNE IDZZLE: BI - 9nm 
5. IDLIDW <DNE NJZZLE: BJ - 10rnn 
1. 95 
AmIENl' S'lEi\M WATm WATER WM'm GAS l-mZLE V1CUUM 
TEMP TEMP ELGlRATE TEMP IN TEMP ClJT TEMP <XlT NJl<BER mESS. 
C C 1b/br C C C mu H9 
20 100 3113 15 71 94 0 160 
20 101 4151 15 60 89 0 160 
20 101 5188 15 53 92 0 160 
20 102 6226 15 47 92 0 160 
20 101.5 6226 15 46 91 1 1SO 
20 101.5 5188 15 51 92 1 150 
20 101.5 4151 15 59 90 1 1SO 
20 102 3113 15 70 94 1 150 
20 101.5 3113 15 68 94 2 140 
20 101.5 4151 15 58 90 2 145 
20 101.5 5188 15 52 91 2 145 
20 102 6226 15 46 90 2 145 
20 101 6226 15 44 90 5 140 
20 101 5188 15 SO 89 5 140 
20 101 4151 15 56 88 5 140 
20 101 3113 15 64 92 5 140 
20 99.5 3113 15 61 90 4 135 
20 99.5 4151 15 54 88 4 135 
20 99.5 5188 15 48 87 4 135 
20 99.5 6226 15 44 87 4 135 
20 98 6226 15 43 86 3 130 
20 98 5188 15 47 85 3 130 
20 98 4151 15 51 85 3 130 
20 98 3113 15 57 88 3 130 
HEIGHT vlATER FLG/ STEAM FLG/ AIR FLQo/ V.H.T.C. 
M Fn/S Fn/S &>/S W/M~~3/C 
0.25 0.392238 0.0364103 0 87325.3 
0.523026 0.0387023 0 87242.2 
0.653688 0.040657 0 84316.6 
0.784476 0.0408979 0 80382.5 
0.784476 0.0402287 0.00037983 78120.1 
0.653688 0.0391718 0.00037983 78225.6 
0.523026 0.0383498 0.00037983 83449.9 
0.392238 0.0366997 0.00037983 83428.6 
0.392238 0.0365508 0.000824182 79227.7 
0.523026 0.0381197 0.000835086 80825 
0.653688 0.0409151 0.000835086 81746.2 
0.784476 0.0407924 0.000835086 78436.4 
0.784476 0.0391075 0.00145743 72729.4 
0.653688 0.0392266 0.00145743 77543.7 
0.523026 0.036824 0.00145743 77299.6 
0.392238 0.0344452 0.00145743 72104.6 
0.392238 0.0343894 0.00325148 67878.6 
0.523026 0.0371372 0.00325148 73146.6 
0.653688 0.0385492 0.00325148 73924 
0.784476 0.040375 0.00325148 75312.6 
0.784476 0.0410282 0.00566669 73557.5 
0.653688 0.0389351 0.00566669 73141.6 
0.523026 0.0356042 0.00566669 68279.3 
0.392238 0.0335331 0.00566669 61573.5 
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AmIENr STEAM WATER WATER WATm GAS rozZLE VTalUM 
TEMP 'lDIP R.CWRATE TD1P IN TD1P OOT TD1P OOT WH3m RUSS. 
C C 1b/br C C C llID Hg 
23 98 3113 14 64 83 0 160 
23 98 4151 14 55 79 0 160 
23 98 5188 14 47 75 0 160 
23 98 6226 14 42 63 0 160 
23 97 6226 14 41 58 1 160 
23 96 5188 14 .47 72 1 160 
23 96 4151 14 54 78 1 160 
23 96 3113 14 63 84 1 155 
23 97 3113 14 63 85 2 155 
23 97 4151 14 54 78 2 155 
23 97 5188 14 47 73 2 155 
23 97 6226 14 42 64 2 155 
23 95 6226 14 41 62 5 150 
23 95.5 5188 14 46 70 5 lSO 
23 95.5 4151 14 52 76 5 lSO 
23 95 3113 14 60 82 5 150 
23 94 3113 14 58 82 4 145 
23 94 4151 14 SO 75 4 145 
23 94 5188 14 45 70 4 145 
23 94 6226 14 40 63 4 145 
23 92 6226 14 40 61 3 130 
23 92 5188 14 43 67 3 130 
23 92 4151 14 48 73 3 130 
23 92 3113 14 54 79 3 130 
HEIGHT WATm ELQol STElIM ELQol AIR ELQol V.H. T.C. 
M Fn/S Fn/S Fn/s W/MAA3/C 
0.35 0.392238 0.0324004 0 60239.7 
0.523026 0.0352152 0 62441.9 
0.653688 0.0352374 0 60249.7 
0.784476 0.035762 0 65223.3 
0.784476 0.0345323 0.0003868 65989.9 
0.653688 0.0354039 0.0003868 63052.5 
0.523026 0.0345622 0.0003868 62015.6 
0.392238 0.0320675 0.000382433 58985.6 
0.392238 0.0324687 0.000851392 57877.8 
0.523026 0.0347588 0.000851392 61451.6 
0.653688 0.0355428 0.000851392 61910.3 
0.784476 0.0359411 0.000851392 65224.2 
0.784476 0.0347698 0.00148771 64690.4 
0.653688 0.0346071 0.00148771 61979.7 
0.523026 0.0332365 0.00148771 59126.5 
0.392238 0.0307517 0.00148771 55271.6 
0.392238 0.0306275 0.00332339 52306.7 
0.523026 0.0321691 0.00332339 56218 
0.653688 0.0340491 0.00332339 60298.1 
0.784476 0.0338237 0.00332339 61661.2 
0.784476 0.0341517 0.00563794 64156.3 
0.653688 0.0322704 0.00563794 57998.6 
0.523026 0.0310626 0.00563794 54064.3 
0.392238 0.0287362 0.00563794 47898.3 
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AlBIENT S'lEl\M WATER WATER WATm GAS rozZLE VFCUUM 
TEMP TEMP FLGlRATE TEMP IN TEMP OOT TEMP OOT mmm mESS. 
C C ·lb/hr C C C nm Hg 
15 99.5 3113 14 60 80 0 ISO 
15 99.5 4151 14 SO.5 72 0 150 
15 99.5 6226 14 38 54 0 ISO 
15 98 3113 14 61.5 80 2 ISO 
15 98 4151 14 51.5 74 2 150 
15 98 6226 14 40.5 63 2 ISO 
15 93.5 3113 14 54.5 78 3 120 
15 94 4151 14 49 69 3 120 
15 95 6226 14 38.5 63 3 120 
15 96.5 3113 14 59 79 5 150 
15 96.5 4151 14 SO 72 5 ISO 
15 96.5 6226 14 39.5 64 5 ISO 
HEIGHT WATER FLCXl STE1\M FLCXl AIR FLCXl V.HoT.C. 
M FG/S FG/s FG/S W/MAA3/C 
0.4 0.392238 0.0296991 0 51748 
0.523026 0.0312255 0 53645 
0.784476 0.0305424 0 55314.7 
0.392238 0.0311983 0.000852899 55056.9 
0.523026 0.0324367 0.000852899 55410.5 
0.784476 0.0339583 0.000852899 58302 
0.392238 0.028783 0.00553851 46525.4 
0.523026 0.0314313 0.00553851 55009.8 
0.784476 0.032233 0.00553851 54366.7 
0.392238 0.0298613 0.00150821 52070.9 
0.523026 0.031316 0.00150821 54155 
0.784476 0.0328232 0.00150821 55798.6 
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AmIENl' STEAM WATER WATER WATER GAS NJZZLE VraJUM 
TEMP TEMP H..<llRATE TEMP IN TEMP CUT TEMP CUT NUmER mESS. 
C C Ib/hr C C C IIUI H9 
23 98 3113 14 65 66 0 160 
23 98 4151 14 54 57 0 160 
23 98 5188 14 47 50 0 160 
23 98 6226 14 41 42 0 160 
23 98 6226 14 40 40 1 155 
23 98 5188 14 46 48 1 155 
23 98 4151 14 52 56 1 155 
23 98 3113 14 64 67 1 155 
23 97 3113 14 65 68 2 155 
23 97 4151 14 54 56 2 155 
23 97 5188 14 46 57 2 155 
23 97 6226 14 41 41 2 155 
23 95 6226 14 40 48 5 lSO 
23 95 5188 14 45 53 5 lSO 
23 95 4151 14 51 56 5 lSO 
23 95 3113 14 61 67 5 lSO 
23 94 3113 14 61 68 4 145 
23 94 4151 14 52 57 4 145 
23 94 5188 14 46 52 4 145 
23 94 6226 14 40 46 4 145 
23 92 6226 14 40 45 3 135 
23 92 5188 14 45 50 3 135 
23 92 4151 14 51 55 3 135 
23 92 3113 14 59 66 3 135 
HEIGHT WATm. H..<ll STEAM H..Cl'l AIR H..<ll V.H.T.C. 
M ~/S ~/S ID!S W/MAA3/C 
0.5 0.392238 0.0330705 0 53437.6 
0.523026 0.0343335 0 54203 
0.653688 0.0352374 0 55629.9 
0.784476 0.0344621 0 55686.2 
0.784476 0.0331742 0.000382433 54228.8 
0.653688 0.0341694 0.000382433 54538.2 
0.523026 0.0326143 0.000382433 50843.4 
0.392238 0.0324851 0.000382433 51155.3 
0.392238 0.0332945 0.000851392 52818.6 
0.523026 0.0344474 0.000851392 55478.2 
0.653688 0.0342672 0.000851392 49894 
0.784476 0.0345109 0.000851392 57025.5 
0.784476 0.0333186 0.00148771 51168.7 
0.653688 0.0332536 0.00148771 51006.7 
0.523026 0.0319188 0.00148771 S0611.5 
0.392238 0.0307878 0.00148771 47981.8 
0.392238 0.0312685 0.00332339 47993.5 
0.523026 0.0330449 0.00332339 52634 
0.653688 0.0345088 0.00332339 54530.7 
0.784476 0.0334212 0.00332339 52958.4 
0.784476 0.0335676 0.00572053 54872.5 
0.653688 0.0335964 0.00572053 54701.6 
0.523026 0.0324038 0.00572053 53092.4 
0.392238 0.0303805 0.00572053 46978 
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NBIEHr S'lEI\M WATm WATER WATm GAS NJZZLE VlaJUM 
TEMP TEMP FLCHRATE TEMP IN TEMP roT TEMP roT tml3ER mESS. 
C C ·lb/hr C C C IIIII Hg 
13 101.5 3113 10 68 68 0 150 
13 100 4151 10 56 58 0 150 
13 99.5 6226 10 41 40 0 150 
13 102 3113 10 63.5 70 2 155 
13 101.5 4151 10 53.5 60 2 150 
13 101.5 6226 10 40 42 2 150 
13 96.5 3113 10 58 69 3 130 
13 97 4151 10 49.5 57 3 130 
13 98 6226 10 39 44 3 130 
13 97.5 3113 10 61 70 5 150 
13 97.5 4151 10 51.5 58 5 150 
13 97.5 6226 10 38.5 42 5 150 
HEIGHT WATm FLrn STEAM FLCH AIR FLrn V.H.T.C. 
M ID/S ID/S ID/S W/MAA3/C 
0.6 0.392238 0.0375971 0 47652.1 
0.523026 0.0394835 0 49711.4 
0.784476 0.0395285 0 51715.6 
0.392238 0.034797 0.000866132 40719.4 
0.523026 0.0373572 0.000855873 44073.6 
0.784476 0.0382058 0.000855873 47357.7 
0.392238 0.0324647 0.00573554 36784.2 
0.523026 0.034483 0.00573554 41399.2 
0.784476 0.0372029 0.00573554 45997 
0.392238 0.0334025 0.00151347 39536.6 
0.523026 0.0357591 0.00151347 43758.7 
0.784476 0.0363802 0.00151347 46157.5 
100 
NBIEm' S'mAM WM'ER WATER WATm GAS WLZLE VlaJUM 
TDIP TEMP EUWRATE TDIP IN 'mal OOT 'mal OOT wmE2 FRESS. 
C C Ib/hr C C C nm Hg 
23 98 3113 14 64 79 0 160 
23 98 4151 14 54 61 0 160 
23 98 5188 14 46 59 0 160 
23 98 6226 14 42 51 0 160 
23 97 6226 14 42 53 1 155 
23 97 5188 14 46 60 1 155 
23 98 4151 14 53 69 1 155 
23 98 3113 14 63 80 1 155 
23 97 3113 14 63 80 2 155 
23 97 4151 14 53 70 2 155 
23 97 5188 14 46 61 2 155 
23 97 6226 14 42 54 2 155 
23 96 6226 14 41 55 5 150 
23 96 5188 14 46 62 5 150 
23 96 4151 14 51 69 5 1SO 
23 95.5 3113 14 62 77 5 1SO 
23 95 3113 14 60 77 4 ISO 
23 95 4151 14 51 69 4 145 
23 95 5188 14 46 63 4 145 
23 94 6226 14 40 53 4 145 
23 93 6226 14 40 55 3 140 
23 93 5188 14 44 60 3 135 
23 93 4151 14 49 67 3 135 
23 93 3113 14 57 74 3 135 
HEIGHT WATm FLrn STEAM FLrn AIR FLrn V.H. T.e. 
M &>/S &>/S &>/S W/MAA3/C 
0.65 0.392238 0.0324004 0 35112.4 
0.523026 0.0343335 0 40478.2 
0.653688 0.034147 0 37768.1 
0.784476 0.035762 0 41255.7 
0.784476 0.0358188 0.000382433 40813.3 
0.653688 0.0342232 0.000382433 37765.3 
0.523026 0.0335496 0.000382433 35893.4 
0.392238 0.0319416 0.000382433 33709.8 
0.392238 0.0322212 0.000851392 34046.4 
0.523026 0.0337056 0.000851392 35892.1 
0.653688 0.0342972 0.000851392 37383.1 
0.784476 0.0358649 0.000851392 40386.5 
0.784476 0.0346568 0.00148771 38511.7 
0.653688 0.034431 0.00148771 37382.2 
0.523026 0.0321148 0.00148771 34006.4 
0.392238 0.0317691 0.00148771 34536 
0.392238 0.0312691 0.00336523 32559.9 
0.523026 0.0326029 0.00332339 34358 
0.653688 0.0347856 0.00332339 37389.1 
0.784476 0.0335432 0.00332339 38255.9 
0.784476 0.0338618 0.00580013 37858 
0.653688 0.0328879 0.00572053 36115.4 
0.523026 0.0313211 0.00572053 33133.1 
0.392238 0.0298665 0.00572053 31015.9 
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AmIENT S'lVAM WATER WATER WATER GAS raZLE VlOJUM 
TEMP TEMP EUWBATE TEMP IN TEMP OOT TEMP OOT 1mBER RUSS. 
C C Ib/hr C C C nm Hg 
24 98 3113 14 66 73 0 140 
24 99 4151 14 56 60 0 130 
24 98 5188 14 47 48 0 150 
24 98 6226 14 42 43 0 1SO 
24 98 6226 14 43 42 1 1SO 
24 98 5188 14 49 50 1 150 
24 98 4151 14 55 62 1 150 
24 98 3113 14 60 75 1 1SO 
24 97 3113 14 67 76 2 150 
24 97 4151 14 56 64 2 150 
24 97 5188 14 48 52 2 150 
24 97 6226 14 43 45 2 1SO 
24 96 6226 14 43 45 5 150 
24 96 5188 14 48 51 5 1SO 
24 96 4151 14 54 61 5 150 
24 96 3113 14 67 76 5 150 
24 95 3113 14 64 75 4 140 
24 95 4151 14 54 63 4 140 
24 94 5188 14 47 52 4 140 
24 94 6226 14 42 45 4 140 
24 93 6226 14 42 46 3 130 
24 93 5188 14 47 52 3 130 
24 93 4151 14 53 63 3 130 
24 93 3113 14 60 74 3 130 
HEIGIIT WATER FLQol STEAM FLQol AIR FLQol V.H.T.C. 
M !<G/S I<G/s m/s W/MAA3/C 
0.8 0.392238 0.0337416 0 32636.9 
0.523026 0.0360741 0 35705.9 
0.653688 0.0352374 0 36489.6 
0.784476 0.035762 0 37033 
0.784476 0.0370764 0.000377267 39307.4 
0.653688 0.0374484 0.000377267 38754.3 
0.523026 0.0352754 0.000377267 34064.6 
0.392238 0.0298723 0.000377267 26434.6 
0.392238 0.0347797 0.000839892 32927.1 
0.523026 0.0362754 0.000839892 34916.8 
0.653688 0.0364208 0.000839892 36754.6 
0.784476 0.0371265 0.000839892 38379.3 
0.784476 0.037181 0.00148521 38833.6 
0.653688 0.0364888 0.00148521 37617.3 
0.523026 0.0346023 0.00148521 33955.2 
0.392238 0.03S0671 0.00148521 33289.1 
0.392238 0.0337144 0.00327448 31009.3 
0.523026 0.0349642 0.00327448 33583.9 
0.653688 0.0355981 0.00327448 36485.8 
0.784476 0.0360099 0.00327448 37918.8 
0.784476 0.0361698 0.00562845 37924 
0.653688 0.0358158 0.00562845 36926.3 
0.523026 0.0345351 0.00562845 33094.1 
0.392238 0.0318348 0.00562845 28153.1 
-----
-~~--
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AM3IENr S'lEAM WATER WA'reR WATER GAS laZLE VPaJUM 
TEMP TEMP rulolRATE TEMP IN TEMP OOT TEMP OOT WM3ER :am;S. 
~C C 1b/br C C C II1II Hq 
18 100.5 3113 10 92 99 0 640 
18 100.5 4151 10 80 97 0 640 
18 100.5 5188 10 71 94 0 640 
18 100.5 6226 10 63 91 0 640 
18 100.5 6226 10 63 92 1 640 
18 101 5188 10 71 94 1 640 
18 101 4151 10 80 98 1 640 
18 101 3113 10 91 99 1 640 
18 101 3113 10 85 99 2 640 
18 101 4151 10 78 98 2 640 
18 101 5188 10 70 95 2 640 
18 101 6226 10 63 92 2 620 
18 100.5 6226 10 61 91 5 640 
18 100.5 5188 10 66 93 5 640 
18 101 4151 10 74 96 5 640 
18 101 3113 10 80 98 5 640 
18 100 3113 10 75 96 4 630 
18 100 4151 10 70 95 4 630 
18 100 5188 10 64 92 4 630 
18 100 6226 10 58 90 4 630 
18 99 6226 10 56 88 3 580 
18 99 5188 10 60 90 3 580 
18 99 4151 10 65 93 3 580 
18 99 3113 10 70 95 3 580 
HEIGIfl' WATER ELOV' STEAM ELCl'l AIR ELCl'l V.H.T.C. 
M l'l>/S KG/S KG/S W/MAA3/C 
0.25 0.392238 0.054059 0 143674 
0.523026 0.061037 0 147129 
0.653688 0.0660756 0 150855 
0.784476 0.0685284 0 149853 
0.784476 0.0694137 0.000468045 148612 
0.653688 0.0672999 0.000468045 150219 
0.523026 0.065411 0.000468045 145138 
0.392238 0.0634811 0.000468045 139727 
0.392238 0.071758 0.00104199 121540 
0.523026 0.0689768 0.00104199 138295 
0.653688 0.068357 0.00104199 145133 
0.784476 0.0704762 0.00104199 148021 
0.784476 0.068872 0.00184258 141666 
0.653688 0.064548 0.00184258 133382 
0.523026 0.0633968 0.00184258 127534 
0.392238 0.0630595 0.00184258 108925 
0.392238 0.0601012 0.00416795 99018.1 
0.523026 0.0657058 0.00416795 117212 
0.653688 0.0661235 0.00416795 127954 
0.784476 0.0678637 0.00416795 131479 
0.784476 0.0676379 0.00737032 126919 
0.653688 0.0644055 0.00737032 117218 
0.523026 0.0638943 0.00737032 105305 
0.392238 0.0632787 0.00737032 88744.3 
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AlBIENl' STEl\M WATER WATER WATER GM> laZLE VllCOUM 
TEMP TEMP Et.G1RATE TDIP IN TDIP OOT TEMP OOT wmm l.'RE3S. 
c c· . 1bjbr C C C IIID Hg 
26 99 6226 15 60 75 0 650 
26 99 5188 15 68 82 0 650 
26 99 4151 15 77 89 0 650 
26 99 3113 15 91 96 0 650 
26 99 3113 15 91 96 1 650 
26 99 4151 15 80 90 1 650 
26 99 5188 15 71 84 1 650 
26 99 6226 15 62 77 1 650 
26 98.5 6226 15 61 76 2 635 
26 98.5 5188 15 67 82 2 640 
26 98.5 4151 15 75 88 2 640 
26 98.5 3113 15 86 94 2 640 
26 98 3113 15 78 90 5 630 
26 101 4151 15 74 88 5 630 
26 104 5188 15 66 82 5 630 
26 103 6226 15 60 76 5 630 
26 102 6226 15 59 75 4 645 
26 104 5188 15 63 81 4 645 
26 104 4151 15 69 85 4 645 
26· 105 3113 15 75 90 4 645 
26 104 3113 15 71 88 3 590 
26 105 4151 15 65 84 3 595 
26 103 5188 15 61 80 3 600 
26 105 6226 15 56 74 3 595 
HEIGHT WATm Et.CN STEAM Et.CN AIR Et.CN V.H. T.C. 
M ID/S ID/S ID/S W/MAA3/C 
0.35 0.784476 0.0581263 0 112527 
0.653688 0.0573522 0 112161 
0.523026 0.0540066 0 107819 
0.392238 0.0501206 0 107931 
0.392238 0.0520845 0.000461748 107941 
0.523026 0.057398 0.000461748 115685 
0.653688 0.0610749 0.000461748 119982 
0.784476 0.0609932 0.000461748 117693 
0.784476 0.0598969 0.00102797 115697 
0.653688 0.0569154 0.00102797 109424 
0.523026 0.0533803 0.00102797 103674 
0.392238 0.0494189 0.00102797 97757 .3 
0.392238 0.0438227 0.00181779 83107.3 
0.523026 0.0532854 0.00181779 98365.9 
0.653688 0.0561007 0.00181779 100703 
0.784476 0.0587101 0.00181779 107206 
0.784476 0.0582404 0.00411187 105794 
0.653688 0.0540351 0.00411187 92869.4 
0.523026 0.0500772 0.00411187 85548.9 
0.392238 0.0448821 0.00411187 71628.2 
0.392238 0.0445634 0.00727116 66108.1 
0.523026 0.0485928 0.00727116 76190.2 
0.653688 0.0533995 0.00727116 88926.4 
0.784476 0.0551671 0.00727116 93926.7 
-----------------------
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AmlENr S'mIIM WATER WMmt WATER GAS rozZLE VlCUUM 
TEMP TEMP H.QolRATE TEMP IN TEMP aJT TEMP aJT WK3ER !roSS. 
C C 1b/hr C C C mn Hg 
15 101 3113 14 92.5 92 0 660 
15 100 4151 14 78 81 0 660 
15 100 6226 14 57.5 74 0 660 
15 99.5 3113 14 87 90 2 650 
15 105.5 4151 14 75 82 2 650 
15 105 6226 14 55.5 72 2 650 
15 101.5 3113 14 72.5 85 3 600 
15 101 4151 14 67.5 81 3 600 
15 98 6226 14 55 70 3 600 
15 98 3113 14 81 90 5 660 
15 98.5 4151 14 73 83 5 660 
15 98 6226 14 56 71 5 660 
HEIGHT WA'Im FLCH STEAM FLCH AIR FLCH V.HoT.C. 
M ID/S ID/S ID/S W/MM 3/C 
0.4 0.392238 '0.0517516 0 110112 
0.523026 0.0557488 0 115192 
0.784476 0.0560579 0 100575 
0.392238 0.0494995 0.00104739 99715.5 
0.523026 0.0535064 0.00104739 99096.2 
0.784476 0.0535536 0.00104739 91444.5 
0.392238 0.0442553 0.00740856 70183.9 
0.523026 0.0506475 0.00740856 84820.3 
0.784476 0.0548208 0.00740856 98054.9 
0.392238 0.0465775 0.00185214 86735.7 
0.523026 0.0525744 0.00185214 99690.5 
0.784476 0.054678 0.00185214 100438 
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AmIENr S'lE1IM WATER WATER WATm GAS laZLE V1aJUM 
TEMP TEMP ruJolRATE TEMP m TEMP OOT TEMP OOT WfoBEa l'RESS. 
c· C 1b/hr . C C C um Hg 
19 100.5 3113 10 99 99 0 650 
19 100.5 4151 10 87 92 0 650 
19 101 5188 10 74 84 0 650 
19 101 6226 10 66 77 0 650 
19 101 6226 10 65 76 1 650 
19 101 5188 10 74 82 1 650 
19 101 4151 10 83 90 1 650 
19 101 3113 10 95 97 1 650 
19 101 3113 10 93 97 2 640 
19 101 4151 10 83 90 2 640 
19 101 5188 10 73 82 2 640 
19 101 6226 10 65 78 2 640 
19 100.5 6226 10 64 77 5 640 
19 100.5 5188 10 72 83 5 640 
19 100.5 4151 10 80 88 5 640 
19 100.5 3113 10 88 95.5 5 640 
19 99 3113 10 84 93 4 640 
19 99 4151 10 77 86 4 640 
19 99 5188 10 70 81 4 640 
19 99 6226 10 63 76 4 640 
19 98 6226 10 61 75 3 590 
19 98 5188 10 67 79 3 590 
19 98 4151 10 73 83 3 590 
19 98 3113 10 79 90 3 590 
HEIGIf1' WATER FLew STEAM fLew AIR FLew V.H.T.C. 
M ID/S ID/S KG/S W/MAA3/C 
0.5 0.392238 0.0589548 0 89652.9 
0.523026 0.0674595 0 97215.1 
0.653688 0.0694417 0 94660.1 
0.784476 0.0725284 0 97898.5 
0.784476 0.0713758 0.000467243 96091.6 
0.653688 0.0697431 0.000467243 96579.1 
0.523026 0.0644313 0.000467243 89584.8 
0.392238 0.0588897 0.000467243 83112.4 
0.392238 0.0608755 0.0010402 79356 
0.523026 0.0652539 0.0010402 89595.1 
0.653688 0.0689817 0.0010402 94064.4 
0.784476 0.0716757 0.0010402 94251.2 
0.784476 0.0706733 0.00183943 92925.7 
0.653688 0.0684956 0.00183943 91147.6 
0.523026 0.0631266 0.00183943 85310.7 
0.392238 0.0581182 0.00183943 72055.7 
0.392238 0.0578113 0.00416081 68189.6 
0.523026 0.0622093 0.00416081 81919.6 
0.653688 0.0674906 0.00416081 89420.5 
0.784476 0.0702939 0.00416081 92491 
0.784476 0.0687619 0.0073577 88903.3 
0.653688 0.065428 0.0073577 84803.2 
0.523026 0.0599409 0.0073577 76849.3 
0.392238 0.0557387 0.0073577 62757.9 
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AleIENr S'lE1IM WATER W!m:R WATm GAS rozZLE VJIaJUM 
TEMP 'lDIP H.tWRATE TDIP IN TEMP OOT TDIP aJT tllmER HUSS. 
C c ·lb/hr c c C nm Hg 
13 100.5 3113 10 96.5 93 0 670 
13 108 4151 10 80 76 0 670 
13 106 6226 10 69 66 0 670 
13 107.5 3113 10 91 90 2 650 
13 107.5 4151 10 77.5 76 2 650 
13 106.5 6226 10 69 60 2 650 
13 97.5 3113 10 79.5 83 3 590 
13 96.5 4151 10 71.5 73 3 580 
13 95.5. 6226 10 58 60 3 580 
13 107 3113 10 86 87 5 660 
13 107 4151 10 75.5 74 5 660 
13 108 6226 10 58 58 5 660 
HEIGHT WATER FLOi Sl'ElIM FLOi AIR FLCN V.Ho T.C. 
M &;/S &;IS &;IS W/M~~3/C 
0.6 0.392238 0.0572009 0 76187.8 
0.523026 0.0607294 0 75313.4 
0.784476 0.0763118 0 95503.2 
0.392238 0.0546169 0.00105105 64158 
0.523026 0.058907 0.00105105 71000.3 
0.784476 0.0764297 0.00105105 101522 
0.392238 0.0507532 0.00743439 57912.3 
0.523026 0.0559267 0.00743439 70245 
0.784476 0.06311 0.00743439 81918.6 
0.392238 0.0515747 0.0018586 59085.1 
0.523026 0.0573443 0.0018586 69169.1 
0.784476 0.0617699 0.0018586 73228.5 
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AM3IENT S'ml\M WATER WATER WATER GAS WJ;ZLE VACUUM 
TEMP TmP ELQiRATE TmP IN TEMP OOT TEMP ClJT WM3m RUSS. 
C C 1b/hr C C C nm Hg 
25 108 3113 15 93 88 0 650 
25 108 4151 15 78 74 0 650 
25 108 5188 15 67 66 0 650 
25 108 6226 15 60 60 0 650 
25 108 6226 15 57 61 1 660 
25 108.5 5188 15 66 67 1 660 
25 108.5 4151 15 76 72 1 660 
25 108.5 3113 15 91 86 1 665 
25 107.5 3113 15 90 88 2 660 
25 107 4151 15 76 76 2 660 
25 106.5 5188 15 67 68 2 660 
25 105.5 6226 15 57 62 2 660 
25 106 6226 15 55 60 5 660 
25 106 5188 15 63 67 5 660 
25 106 4151 15 74 74 5 660 
25 106 3113 15 87 87 5 660 
25 106 3113 15 82 84 4 650 
25 105 4151 15 71 73 4 650 
25 103 5188 15 63 66 4 650 
25 103.5 6226 15 60 64 4 650 
25 97 6226 15 54 60 3 590 
25 97 5188 15 62 66 3 590 
25 97.5 4151 15 70.5 73 3 590 
25 97.5 3113 15 78 82 3 590 
HEIGHT WATER ELCN . STEAM FLCN AIR ELCN V.H.T.C. 
M l'n/S l'n/S l'n/S W/MAA3/C 
0.65 0.392238 0.0511955 0 62916.2 
0.523026 0.0545832 0 66325.8 
0.653688 0.0558953 0 65705.4 
0.784476 0.0577795 0 67190 
0.784476 0.0538878 0.000462521 60008.7 
0.653688 0.0548663 0.000462521 62703.6 
0.523026 0.0529029 0.000462521 63785 
0.392238 0.0502243 0.000462521 60886.9 
0.392238 0.05031 0.00102969 58723.7 
0.523026 0.0532315 0.00102969 62047.5 
0.653688 0.0561915 0.00102969 65347.1 
0.784476 0.0540711 0.00102969 60935.1 
0.784476 0.0515066 0.00182084 57664.2 
0.653688 0.0519249 0.00182084 58580.3 
0.523026 0.0516887 0.00182084 60592 
0.392238 0.0489858 0.00182084 55954.1 
0.392238 0.0468573 0.00411876 50810.8 
0.523026 0.0497398 0.00411876 56788.4 
0.653688 0.0524768 0.00411876 61149.1 
0.784476 0.0586934 0.00411876 67545.3 
0.784476 0.0512634 0.00728334 61254.9 
0.653688 0.0522377 0.00728334 63285.9 
0.523026 0.0505931 0.00728334 60858.8 
0.392238 0.0459328 0.00728334 51187.7 
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AlBIENl' STEl\M WATER WATER WATER GAS NJZZLE VtaroM 
TEMP TEMP FLQolRATE TEMP IN TEMP OOT TEMP OOT tml3ER PRESS. 
C C Ibjhr C C C mu Hg 
19 101 3113 10 96 93 0 650 
19 101 3113 10 97 95 1 650 
19 100.5 3113 10 95 94 2 650 
19 99.5 3113 10 92 92 5 640 
19 98.5 3113 10 89 90 4 630 
19 97 3113 10 85 88 3 590 
19 101.5 6226 10 65 66 0 640 
19 101 6226 10 64 65 1 640 
19 100.5 6226 10 63 68 2 640 
19 100 6226 10 64 68 5 640 
19 98.5 6226 10 64 67 4 640 
19 97 6226 10 63 66 3 590 
26 99 4151 15 81 65 0 650 
26 99 4151 15 80 66 1 650 
26 98.5 4151 15 80 68 2 640 
26 98 4151 15 82 69 5 660 
26 97 4151 15 79 69 4 640 
26 97 4151 15 78 70 3 590 
26 99 5188 15 70 55 0 650 
26 99 5188 15 72 56 1 650 
26 98.5 5188 15 70 56 2 645 
26 98 5188 15 69 56 5 640 
26 97.5 5188 15 69 57 4 650 
26 97 5188 15 69 57 3 590 
HEIGHT WATER FLCH STEl\M FLCH AIR FLCH V.HoT.C. 
M 1«>/S 1«>/S 1«>/S W/MAA3/C 
0.8 0.392238 0.0568315 0 56981.7 
0.392238 0.0590696 0.000467243 57042.8 
0.392238 0.058922 0.0010402 55348.4 
0.392238 0.0575757 0.00183943 53286.8 
0.392238 0.0580239 0.00416081 51247.4 
0.392238 0.0576956 0.0073577 48265 
0.784476 0.0711619 0 67906 
0.784476 0.0699349 0.000467243 66987.6 
0.784476 0.0687735 0.0010402 63295.1 
0.784476 0.0703252 0.00183943 65563.1 
0.784476 0.0708826 0.00416081 67355.7 
0.784476 0.0702185 0.0073577 67171.1 
0.523026 0.0576464 0 74678.7 
0.523026 0.0568302 0.000461748 71401.5 
0.523026 0.0569968 0.00102797 69904.2 
0.523026 0.0590585 0.00181779 73700.9 
0.523026 0.0569403 0.00411187 68317.4 
0.523026 0.0569556 0.00727116 65414.7 
0.653688 0.0595963 0 76085.8 
0.653688 0.0618954 0.000461748 80122.9 
0.653688 0.0597255 0.00102797 75540.4 
0.653688 0.0587062 0.00181779 73588.4 
0.653688 0.059002 0.00411187 73077.1 
0.653688 0.059384 0.00727116 73614.4 
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AmIENl' S'IEl\M WATER WA'lER WATm GA') NJJ;ZLE VlaJUM 
TEMP TEMP ELCWPATE TEMP IN TEMP OOT TEMP <lJT tllmm ERESS. 
C C 1b/hr C C C nm Hg 
18 103 3113 10 99 99 0 760 
18 103 4151 10 92 99 0 760 
18 103 5188 10 80 99 0 760 
18 103 6226 10 70 96 0 760 
18 103 6226 10 69 96 1 750 
18 103 5188 10 79 99 1 750 
18 103 4151 10 87 99 1 750 
18 103 3113 10 95 99 1 750 
18 103 3113 10 90 99 2 730 
18 103 4151 10 83 98 2 730 
18 103 5188 10 75 98 2 730 
18 103 6226 10 68 95 2 730 
18 102 6226 10 65 93 5 700 
18 102 5188 10 71 96 5 700 
18 102 4151 10 78 99 5 700 
18 102.5 3113 10 84 99 5 700 
18 101.5 3113 10 79 99 4 620 
18 101.5 4151 10 74 97 4 620 
18 101.5 5188 10 69 95 4 620 
18 101.5 6226 10 62 92 4 620 
18 100 6226 10 59 90 3 540 
18 100 5188 10 64 92 3 540 
18 100 4151 10 67 95 3 540 
18 100 3113 10 74 96 3 540 
HEIGIn' WATER ELOV STElIM ELGV AIR FLOV V.HoT.C. 
·M &lIS IDjs &l/S W/MAA3/C 
0.25 0.392238 0.0588541 0 164314 
0.523026 0.071962 0 186847 
0.653688 0.0761566 0 176552 
0.784476 0.077813 0 169780 
0.784476 0.0784549 0.000468045 165473 
0.653688 0.0851535 0.000468045 172447 
0.523026 0.0774807 0.000468045 166612 
0.392238 0.0661913 0.000468045 150135 
0.392238 0.0751435 0.00104199 134026 
0.523026 0.0734572 0.00104199 153175 
0.653688 0.0802622 0.00104199 157843 
0.784476 0.0785479 0.00104199 162583 
0.784476 0.0752284 0.00184258 153864 
0.653688 0.0738438 0.00184258 146453 
0.523026 0.0990548 0.00184258 136030 
0.392238 0.0883563 0.00184258 117256 
0.392238 0.135318 0.00416795 105220 
0.523026 0.0801383 0.00416795 126000 
0.653688 0.0775001 0.00416795 140928 
0.784476 0.0750277 0.00416795 143447 
0.784476 0.0737942 0.00737032 135495 
0.653688 0.0721813 0.00737032 128039 
0.523026 0.0735504 0.00737032 108401 
0.392238 0.0730403 0.00737032 96661.2 
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AM3IENT smm WATER WATER WATER GAS IDJ;ZLE VACOtlM 
TEMP TEMP n.Cl'lRATE TDIP IN TDIP OOT TDIP OOT wmm mESS. 
C C . Ib/hr C C C nm 8g 
26 106 6226 15 66 78 0 760 
26 99 5188 15 74 86 0 760 
26 99 4151 15 85 92 0 760 
26 99 3113 15 97 97 0 760 
26 99 3113 15 94 97 1 755 
26 99 4151 15 87 93 1 755 
26 99 5188 15 76 88 1 755 
26 99 6226 15 67 79 1 755 
26 99 6226 15 66 80 2 735 
26 98.5 5188 15 72 86 2 735 
26 98.5 4151 15 79 80 2 740 
26 98.5 3113 15 88 95 2 740 
26 98 3113 15 83 93 5 700 
26 98 4151 15 79 90 5 700 
26 98 5188 15 72 85 5 700 
26 98 6226 15 64 79 5 700 
26 98 6226 15 63 80 4 625 
26 98 5188 15 67 83 4 625 
26 99 4151 15 71 88 4 625 
26 99 3113 15 79 92 4 625 
26 102 3113 15 74 90 3 550 
26 100 4151 15 70 86 3 550 
26 104 5188 15 64 82 3 550 
26 103 6226 15 61 78 3 550 
HEIGIfl' WATm n.av STEAM n.QiI AIR n.av V.H.T.C. 
M FJ:>/S FJ:>/S FJ:>/S W/MAA3/C 
0.35 0.784476 0.0658326 0 123183 
0.653688 0.0641027 0 127975 
0.523026 0.061306 0 129116 
0.392238 0.0542993 0 123889 
0.392238 0.0549309 0.000461748 115015 
0.523026 0.0641688 0.000461748 134474 
0.653688 0.0668899 0.000461748 132501 
0.784476 0.0677181 0.000461748 134731 
0.784476 0.0667063 0.00102797 129368 
0.653688 0.062818 0.00102797 121583 
0.523026 0.0564082 0.00102797 126627 
0.392238 0.0514452 0.00102797 101758 
0.392238 0.04867 0.00181779 91938.1 
0.523026 0.0584739 0.00181779 113840 
0.653688 0.0634166 0.00181779 123488 
0.784476 0.0644306 0.00181779 124125 
0.784476 0.0644295 0.00411187 119119 
0.653688 0.0591617 0.00411187 108918 
0.523026 0.0532574 0.00411187 92271.4 
0.392238 0.0496445 0.00411187 82804.6 
0.392238 0.0488236 0.00727116 71784.2 
0.523026 0.0543726 0.00727116 90641.8 
0.653688 0.057388 0.00727116 94933.1 
0.784476 0.0627199 0.00727116 108716 
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AmIENl' S'm1IM WATER WMm WATER GAS raZLE VPaJUM 
TEMP TEMP H..GlRATE TDIP IN TEMP OOT TEMP OOT WM3m l'RESS. 
C c· lb~ C C C IIID H9 
18 103.5 3113 10 99 99 0 755 
18 103.5 4151 10 93 99 0 755 
18 103.5 5188 10 80 92 0 755 
18 103.5 6226 10 70 85 0 755 
18 103.5 6226 10 70 85 1 750 
18 103.5 5188 10 79 90 1 750 
18 103.5 4151 10 90 98 1 750 
18 103.5 3113 10 98 99 1 750 
18 103 3113 10 92 98 2 730 
18 103 4151 10 87 97 2 730 
18 103 5188 10 77 89 2 730 
18 103 6226 10 69 84 2 730 
18 102 6226 10 68 83 5 690 
18 102 5188 10 73 89 5 690 
18 102 4151 10 86 97 5 690 
18 102 3113 10 89 99 5 690 
18 100.5 3113 10 85 97 4 620 
18 100.5 4151 10 79 93 4 620 
18 100.5 5188 10 73 88 4 620 
18 100.5 6226 10 66 81 4 620 
18 99 6226 10 64 80 3 540 
18 99 5188 10 70 85 3 540 
18 99 4151 10 74 90 3 540 
18 99 3113 10 79 93 3 540 
HEIGHT WImR ELm STEAM ELm AIR ELOV V.H.T.C. 
M &;/5 &;/5 KG/5 W/M~~3/C 
0.4 0.392238 0.058834 0 116041 
0.523026 0.0728644 0 135047 
0.653688 0.076131 0 133077 
0.784476 0.077787 0 132212 
0.784476 0.0781796 0.000468045 132222 
0.653688 0.0756644 0.000468045 132354 
0.523026 0.074482 0.000468045 127376 
0.392238 0.0682686 0.000468045 113516 
0.392238 0.0637501 0.00104199 100560 
0.523026 0.0734935 0.00104199 120581 
0.653688 0.07407 0.00104199 127740 
0.784476 0.0772628 0.00104199 130536 
0.784476 0.0764618 0.00184258 129433 
0.653688 0.0706075 0.00184258 116467 
0.523026 0.0773436 0.00184258 118945 
0.392238 0.0918237 0.00184258 93933.7 
0.392238 0.073807 0.00416795 88447 
0.523026 0.0693791 0.00416795 105947 
0.653688 0.0730688 0.00416795 119245 
0.784476 0.075031 0.00416795 126590 
0.784476 0.0739904 0.00737032 122509 
0.653688 0.071209 0.00737032 114998 
0.523026 0.0662242 0.00737032 97500.1 
0.392238 0.0615051 0.00737032 80662.4 
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NBIENT S'mI\M WATER WATER WATER GAS WZZLE VlalUM 
TDIP TEMP tLGlBATE 'rEm'm TEMP OOT 'rEm' OOT NJmm HUSS. 
C C Ib/hr C C C nm Hq 
23 110 3113 16 98 95 0 760 
23 108.5 4151 16 77 80 0 760 
23 108 5188 16 69 72 0 760 
23 107.5 6226 16 58 62 0 760 
23 109.5 3113 16 80 94 1 755 
23 109 4151 16 80 82 1 755 
23 109 5188 16 68 72 1 755 
23 109.5 6226 16 60 61 1 755 
23 109 3113 16 91 92 2 750 
23 109 4151 16 79 81 2 750 
23 109 5188 16 67 71 2 750 
23 108.5 6226 16 54 63 2 750 
23 107 3113 16 88 90 5 700 
23 104.5 4151 16 76 80 5 700 
23 104.5 5188 16 67 72 5 700 
23 104.5 6226 16 54 64 5 700 
23 107 3113 16 81.5 .88 4 620 
23 107 4151 16 74 80 4 620 
23 106.5 5188 16 66.5 72 4 620 
23 106.5 6226 16 58 63 4 620 
23 105.5 3113 16 57 86 3 540 
23 105.5 4151 16 70 78 3 540 
23 105.5 5188 16 64.5 70 3 540 
23 105.5 6226 16 57 63 3 540 
IlEIGIIT \vATER ELGl STEAM FLClV AIR ELGl V.H.T.C. 
M FG/S FG/S KG/S W/MM 3/C 
0.5 0.392238 0.0539306 0 82182.2 
0.523026 0.0527972 0 76572.7 
0.653688 0.0570462 0 83137.4 
0.784476 0.053874 0 78072.2 
0.392238 0.0428322 0.000464079 53657.3 
0.523026 0.0557847 0.000464079 80938.4 
0.653688 0.0560368 0.000464079 79850.4 
0.784476 0.0565067 0.000464079 82791.5 
0.392238 0.0510772 0.00103316 72452.9 
0.523026 0.055194 0.00103316 79631 
0.653688 0.055078 0.00103316 78269.9 
0.784476 0.0487543 0.00103316 66304.5 
0.392238 0.0497483 0.00182697 70158.5 
0.523026 0.0530367 0.00182697 77699.1 
0.653688 0.0555085 0.00182697 81161.8 
0.784476 0.049039 0.00182697 68294.5 
0.392238 0.0473716 0.00413263 60666.8 
0.523026 0.0524092 0.00413263 71593.5 
0.653688 0.0555826 0.00413263 78298.3 
0.784476 0.0546007 0.00413263 78102.5 
0.392238 0.0330523 0.00730787 30802.6 
0.523026 0.0500438 0.00730787 66168.5 
0.653688 0.0540864 0.00730787 75913 
0.784476 0.053851 0.00730787 76212.8 
--- -
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AlBIENl' S'mI\M WATER WATER WATm GAS WZZLE waJtlM 
TEMP TEMP FLGlPATE TEMP IN TEMP OOT TEMP OOT wmm IRESS. 
C C Ib/hr C C C nm Hg 
25 109.5 3113 15 97 92 0 760 
25 109.5 4151 15 84 78 0 760 
25 109.5 5188 15 72 70 0 760 
25 108 6226 15 62.5 64 0 760 
25 106 6226 15 61 64 1 755 
25 107.5 5188 15 71 71 1 755 
25 108 4151 15 82 78 1 760 
25 108.5 3113 15 95.5 93 1 760 
25 102 3113 15 94 91 2 750 
25 103.5 4151 15 81 78 2 750 
25 101.5 5188 15 71 71 2 750 
25 103 6226 15 61 65 2 750 
25 106 6226 15 59.5 65 5 700 
25 106 5188 15 68 69 5 700 
25 106 4151 15 79.5 77 5 700 
25 106.5 3113 15 89.5 89 5 700 
25 106 3113 15 85 87 4 620 
25 105 4151 15 78 77 4 620 
25 105 5188 15 68.5 68 4 620 
25 105 6226 15 59 63 4 620 
25 104 6226 15 58 62 3 550 
25 104 5188 15 66 67 3 550 
25 104 4151 15 75 76 3 550 
25 104 3113 15 83 85 3 550 
HEIGHT \~ATER am STEAM am AIR am V.HoT.C. 
11 !<G/S !<G/S !<G/S W/MAA3/C 
0.65 0.392238 0.0539122 0 65222.3 
0.523026 0.0599626 0 73361.6 
0.653688 0.061413 0 71887 
0.784476 0.0610907 0 69912.8 
0.784476 0.0592639 0.000462521 67983.2 
0.653688 0.0605078 0.000462521 70565.5 
0.523026 0.0584215 0.000462521 70733.1 
0.392238 0.0539336 0.000462521 62917.1 
0.392238 0.0537846 0.00102969 66774.4 
0.523026 0.0579556 0.00102969 72447.1 
0.653688 0.0609149 0.00102969 75407.1 
0.784476 0.0594975 0.00102969 69438.1 
0.784476 0.0575427 0.00182084 64010.1 
0.653688 0.0575389 0.00182084 67013.7 
0.523026 0.0568073 0.00182084 68363.5 
0.392238 0.0511437 0.00182084 58001.8 
0.392238 0.0499574 0.00411876 53199.6 
0.523026 0.0564888 0.00411876 66351.3 
0.653688 0.0586439 0.00411876 69569.8 
0.784476 0.0572616 0.00411876 64960.6 
0.784476 0.0564306 0.00728334 64138.2 
0.653688 0.0565269 0.00728334 65859.3 
0.523026 0.0549742 0.00728334 62390.9 
0.392238 0.0505581 0.00728334 52768.2 
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AmIENT STEl\M WATER WATER WATER GAS N:>ZZLE VlCJUM 
TEMP TEMP FLGlRATE TEMP m TEMP CXJT TEMP CXJT wmm mESS. 
C C 1b/hr C C C nm Hg 
19 100.5 3113 10 99 99 0 750 
19 100.5 4151 10 94 90 0 750 
19 100.5 5188 10 80 78 0 750 
19 101 6226 10 70 70 0 750 
19 101 6226 10 70 72 1 750 
19 101 5188 10 78 80 1 750 
19 101 4151 10 91 86 1 750 
19 101 3113 10 99.5 99 1 750 
19 100.5 3113 10 97 98 2 730 
19 100.5 4151 10 91 87 2 730 
19 100.5 5188 la 79 78 2 730 
19 100.5 6226 10 70 71 2 730 
19 100 6226 10 68 70 5 700 
19 100 5188 10 77 75 5 700 
19 100 4151 10 86 83 5 700 
19 100 3113 10 94 92 5 700 
19 99 3113 10 92 92 4 620 
19 99 4151 10 85 83 4 620 
19 99 5188 10 77 77 4 620 
19 99 6226 10 69 70 4 620 
19 97.5 6226 10 67 69 3 540 
19 97.5 5188 10 75 74 3 540 
19 97.5 4151 10 82 82 3 540 
19 97.5 3113 la 86 88 3 540 
HEIGHT WATm FLG1 Sl'El\M FLG1 AIR FLG1 V.Ho T.C. 
M ID/S ID/S ID/S W/MAA3/C 
0.8 0.392238 0.0589548 0 57454.7 
0.523026 0.0739433 0 75394.2 
0.653688 0.0762852 0 76024.2 
0.784476 0.0779174 0 75547.8 
0.784476 0.0780612 0.000467243 73926.7 
0.653688 0.0742372 0.000467243 70192.6 
0.523026 0.0715644 0.000467243 72984.8 
0.392238 0.0694044 0.000467243 57816.3 
0.392238 0.0673183 0.0010402 55492.6 
0.523026 0.0722196 0.0010402 72565.2 
0.653688 0.0756349 0.0010402 74060.2 
0.784476 0.0782429 0.0010402 75137.9 
0.784476 0.0757652 0.00183943 72142.9 
0.653688 0.0735905 0.00183943 73042.4 
0.523026 0.0678528 0.00183943 67468.6 
0.392238 0.0589514 0.00183943 55596.7 
0.392238 0.0619866 0.00416081 53606.3 
0.523026 0.0686091 0.00416081 66549.1 
0.653688 0.0747657 0.00416081 72232.3 
0.784476 0.0777926 0.00416081 75074.2 
0.784476 0.0759077 0.0073577 72843.5 
0.653688 0.07335 0.0073577 72012.4 
0.523026 0.0677497 0.0073577 63406.9 
0.392238 0.0583688 0.0073577 49220.4 
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AmIENT STEAM WATER WATER WATER GAS WZZLE VtaJUM 
TEMP TEMP EL<l'lRATE TFm'IN TFm' OOT TFm' OOT 1mBER mESS. 
C C 1b/hr C C C mn Hg 
18 103.5 3113 10 97 99 0 750 
18 103.5 4151 10 93 99 0 750 
18 103.5 5188 10 81 98 0 750 
18 103.5 6226 10 73 97 0 750 
18 103.5 6226 10 72 96 1 740 
18 103.5 5188 10 80 97 1 740 
18 103.5 4151 10 90 98 1 740 
18 103.5 3113 10 95 99 1 740 
18 103 3113 10 90 99 2 730 
18 103 4151 10 86 98 2 730 
18 103 5188 10 78 98 2 730 
18 103 6226 10 70 96 2 730 
18 102.5 6226 10 66 94 5 700 
18 102.5 5188 10 73 97 5 700 
18 102.5 4151 10 80 99 5 700 
18 102.5 3113 10 85 99 5 700 
18 102 3113 10 81 99 4 645 
18 102 4151 10 76 97 4 645 
18 101.5 5188 10 70 95 4 645 
18 101.5 6226 10 64 93 4 645 
18 100.5 6226 10 61 91 3 540 
18 100.5 5188 10 66 93 3 540 
18 100.5 4151 10 71 96 3 540 
18 100.5 3113 10 76 97 3 540 
HEIGHT ~lATER FLCW STEAM FLCW AIR FLGl V.H.T.C. 
11 &>/S &>/S &>/S W/MAA3/C 
0.25 0.392238 0.0574335 0 156213 
0.523026 0.0728644 0 190216 
0.653688 0.0772706 0 181638 
0.784476 0.0818407 0 180920 
0.784476 0.0824775 0.000468045 177955 
0.653688 0.0788926 0.000468045 178993 
0.523026 0.074482 0.000468045 179411 
0.392238 0.0661721 0.000468045 149384 
0.392238 0.0751435 0.00104199 134026 
0.523026 0.0762085 0.00104199 164355 
0.653688 0.083664 0.00104199 169850 
0.784476 0.0822432 0.00104199 169834 
0.784476 0.077362 0.00184258 156133 
0.653688 0.0791146 0.00184258 152137 
0.523026 0.100856 0.00184258 142145 
0.392238 0.0890443 0.00184258 120034 
0.392238 0.13667 0.00416795 109973 
0.523026 0.081931 0.00416795 131863 
0.653688 0.0786246 0.00416795 144641 
0.784476 0.0790745 0.00416795 150402 
0.784476 0.0779248 0.00737032 141815 
0.653688 0.0768222 0.00737032 133545 
0.523026 0.0842113 0.00737032 118863 
0.392238 0.0865383 0.00737032 100312 
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NBIENl' S'l'EI\M WATER WATER WATER GAS IDZZLE VliCUUM 
TEMP TEMP ELCl'lRATE TEMP IN TEMP OOT TEMP OOT wmm J:RESS. 
C C ·lbjhr C C C mu Hg 
26 99 6226 15 68 82 0 755 
26 99 5188 15 76 87 0 755 
26 99 4151 15 84 92 0 755 
26 99 3113 15 96 97 0 755 
26 99 3113 15 94 97 1 755 
26 99 4151 15 89 93 1 755 
26 99 5188 15 82 89 1 755 
26 99 6226 15 69 81 1 755 
26 98.5 6226 15 69 82 2 740 
26 98.5 5188 15 76 87 2 740 
26 98.5 4151 15 82 92 2 740 
26 99 3113 15 89 95 2 740 
26 98 3113 15 85 93 5 710 
26 98 4151 15 79 90 5 710 
26 99 5188 15 73 86 5 710 
26 99 6226 15 68 81 5 710 
26 99 6226 15 65 80 4 650 
26 99 5188 15 68 85 4 650 
26 99 4151 15 76 88 4 650 
26 98.5 3113 15 79 92 4 650 
26 100 3113 15 75 90 3 550 
26 99 4151 15 73 87 3 550 
26 99 5188 15 67 83 3 550 
26 101 6226 15 62 79 3 550 
HEIGHT WATER EL<li S'I'ElIM ELGl AIR EL<li V.HoT.C. 
M KG/S KG/S KG/S W/MAA3/C 
0.35 0.784476 0.068827 0 134602 
0.653688 0.0663651 0 133886 
0.523026 0.0603893 0 125803 
0.392238 0.0536005 0 120856 
0.392238 0.0549309 0.000461748 115015 
0.523026 0.0660111 0.000461748 141542 
0.653688 . 0.0737763 0.000461748 154152 
0.784476 0.0704475 0.000461748 140101 
0.784476 0.0708604 0.00102797 139377 
0.653688 0.0674385 0.00102797 134606 
0.523026 0.0605245 0.00102797 120048 
0.392238 0.0521199 0.00102797 103805 
0.392238 0.0500451 0.00181779 96852.4 
0.523026 0.0584739 0.00181779 113840 
0.653688 0.0646547 0.00181779 124461 
0.784476 0.069909 0.00181779 136023 
0.784476 0.0670615 0.00411187 125520 
0.653688 0.0608083 0.00411187 108907 
0.523026 0.0577735 0.00411187 106093 
0.392238 0.0496595 0.00411187 83222.5 
0.392238 0.0495588 0.00727116 75189 
0.523026 0.0578193 0.00727116 98682.3 
0.653688 0.0613429 0.00727116 107904 
0.784476 0.0644046 0.00727116 113273 
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Al£IENT S'lEAM WATm WATER WATm GAS NJZZLE VlCUUM 
TEMP TEMP H.GffiATE TEMP IN TEMP OOT TEMP OOT WM3ER mESS. 
C C 1bjhr C C C nm Hg 
15 106 3113 14 98.5 96 0 760 
15 101 4151 14 87 87 0 760 
15 100 6226 14 68 76 0 760 
15 109 3113 14 91.5 94 2 740 
15 108.5 4151 14 83 88 2 740 
15 108.5 6226 14 65 76 2 740 
15 103 3113 14 78.5 88 3 550 
15 102.5 4151 14 73 83 3 550 
15 102.5 6226 14 62 72 3 550 
15 105 3113 14 87.5 92 5 705 
15 105.5 4151 14 79.5 88 5 705 
15 103 6226 14 64 75 5 705 
HEIGHT WATER FLOV STEAM FLOV AIR FLOV V.HoT.C. 
M ro/S ro/S ro/S W/MAA3/C 
0.4 0.392238 0.0557451 0 115091 
0.523026 0.0639334 0 135249 
0.784476 0.0700787 0 137099 
0.392238 0.0535674 0.00104739 96532.4 
0.523026 0.0611492 0.00104739 111614 
0.784476 0.0661026 0.00104739 115285 
0.392238 0.0504732 0.00740856 78908.9 
0.523026 0.0563314 0.00740856 95813.2 
0.784476 0.0642163 0.00740856 115986 
0.392238 0.0516602 0.00185214 93179.8 
0.523026 0.0590023 0.00185214 105156 
0.784476 0.0652853 0.00185214 119087 
--- ------ ----
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AmIENl' STEl\M WATER WATER WATER GM laZLE VFaJUM 
TEMP '!DIP ELGlRATE TEMP IN TEMP OOT TEMP OOT WfoBm mESS. 
C C 1b/hr C C C nm Hg 
23 110 3113 16 98 95 0 770 
23 110 4151 16 85 85 0 770 
23 110 5188 16 74 77 0 770 
23 110 6226 16 65 67 0 770 
23 110 3113 16 84 96 1 760 
23 110 4151 16 84 86 1 760 
23 110 5188 16 73 76 1 760 
23 109.5 6226 16 65 68 1 760 
23 110 3113 16 94 95 2 755 
23 110 4151 16 85 86 2 755 
23 109.5 5188 16 75 77 2 755 
23 109.5 6226 16 65 67 2 755 
23 108 3113 16 91 92 5 700 
23 108 4151 16 82 85 5 700 
23 107.5 5188 16 72.5 75 5 700 
23 107 6226 16 64.5 67 5 700 
23 103.5 3113 16 86 90 4 650 
23 101 4151 16 80 85 4 650 
23 100.5 5188 16 72 75 4 650 
23 106.5 6226 16 64 69 4 650 
23 104 3113 16 81 88 3 550 
23 103.5 4151 16 76 81 3 550 
23 103 5188 16 70 73 3 550 
23 104 6226 16 64 70 3 550 
HEIGHT WATER ELGl STEAM ELm AIR ELGl V.H.T.C. 
M &l/S &l/S FG/S W/MM 3/C 
0.5 0.392238 0.0539306 0 82182.2 
0.523026 0.0599827 0 88487.6 
0.653688 0.0625531 0 89425.4 
0.784476 0.0630408 0 91061.5 
0.392238 0.0462735 0.000464079 57984.3 
0.523026 0.0595007 0.000464079 85342.6 
0.653688 0.0616208 0.000464079 87832.3 
0.784476 0.0631695 0.000464079 90589.3 
0.392238 0.054558 0.00103316 74736.9 
0.523026 0.0609335 0.00103316 87582.2 
0.653688 0.064144 0.00103316 92469 
0.784476 0.0632861 0.00103316 91544.3 
0.392238 0.0526099 0.00182697 73248.9 
0.523026 0.0588652 0.00182697 83600.5 
0.653688 0.0616638 0.00182697 89801.5 
0.784476 0.0628998 0.00182697 92496.2 
0.392238 0.0517963 0.00413263 69249.3 
0.523026 0.0592565 0.00413263 85410.1 
0.653688 0.0622672 0.00413263 95527.5 
0.784476 0.0628882 0.00413263 89618.4 
0.392238 0.0507248 0.00730787 61795.8 
0.523026 0.0564077 0.00730787 77777.6 
0.653688 0.0607594 0.00730787 89509.1 
0.784476 0.0639175 0.00730787 91054.7 
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NBIENT S'ml\M WATER WATER WATER GAS raZLE VPCUUM 
TEMP TEMP ELQolRATE TEm'IN TmP OOT TEMP OOT NUM3E2 IRESS. 
C C Ibjhr C C C mu Hg 
13 110 3113 10 98.5 96 0 755 
13 109 4151 10 90 84 0 755 
13 106 6226 10 69 66 0 755 
13 107 3113 10 95.5 93 2 730 
13 105 4151 10 87.5 84 2 730 
13 106 6226 10 68.5 66 2 730 
13 98.5 3113 10 84.5 86 3 540 
13 98 4151 10 78.5 78 3 540 
13 97.5 6226 10 63 64 3 550 
13 104 3113 10 92 90 5 700 
13 103 4151 10 83.5 81 5 700 
13 103.5 6226 10 65 64 5 700 
HEIGI?r WATER ELQol STEAM ELQol AIR ELQol V.H.T.C. 
M Fn/S Fn/S Fn/S W/MAA3/C 
0.6 0.392238 0.0582253 0 69726.6 
0.523026 0.0698272 0 87596.8 
0.784476 0.0763118 0 95503.2 
0.392238 0.0585826 0.00105105 69367.4 
0.523026 0.0685176 0.00105105 86080.8 
0.784476 0.0758546 0.00105105 94165.8 
0.392238 0.0558069 0.00743439 62991.7 
0.523026 0.0632805 0.00743439 79076.7 
0.784476 0.0700204 0.00743439 89753.1 
0.392238 0.0565968 0.0018586 68155.7 
0.523026 0.0652353 0.0018586 82306.2 
0.784476 0.0714012 0.0018586 89257.9 
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AmIENr S'lEAM WATER WATER WATER GAS ~ZLE VAaJl.lM 
TEMP TEMP FLGlRATE TEMP IN TEMP OOT TEMP OOT KJl.BER mESS. 
C C 1b/hr C C C mn Hg 
25 110 3113 15 98 96 0 765 
25 110 4151 15 86 80 0 765 
25 109.5 5188 15 74 72 0 765 
25 109.5 6226 15 64.5 65 0 765 
25 109 6226 15 64 67 1 760 
25 109.5 5188 15 75 72 1 760 
25 109.5 4151 15 85.5 80 1 760 
25 110 3113 15 97.5 96 1 760 
25 107 3113 15 96 93 2 765 
25 106 4151 15 87 82 2 765 
25 101 5188 15 75 72 2 765 
25 101 6226 15 63.5 70 2 765 
25 104 6226 15 68 67 5 700 
25 104.5 5188 15 70 71 5 700 
25 104.5 4151 15 82.5 79 5 700· 
25 104.5 3113 15 92 91 5 700 
25 102.5 3113 15 87.5 89 4 650 
25 101.5 4151 15 79.5 78 4 650 
25 101 5188 15 71 69 4 650 
25 101 6226 15 65 65 4 650 
25 99 6226 15 59 64 3 545 
25 99 5188 15 68.5 68 3 545 
25 100 4151 15 78 77 3 545 
25 102 3113 15 84 86 3 545 
HEIGHT 1-1ATrn E1.ClV STEl\M FLClV AIR E1.Gl V.HoT.C. 
M ID/S ID/S KG/S W/MAA3/C 
0.65 0.392238 0.0545882 0 63580 
0.523026 0.061763 0 75169.6 
0.653688 0.0636528 0 74508.8 
0.784476 0.0636841 0 72583.7 
0.784476 0.0631413 0.000462521 70345.3 
0.653688 0.0649158 0.000462521 76656.2 
0.523026 0.0615803 0.000462521 74617.8 
0.392238 0.0562061 0.000462521 62862.6 
0.392238 0.0555927 0.00102969 64756.5 
0.523026 0.0635066 0.00102969 78918.6 
0.653688 0.0654623 0.00102969 84420.7 
0.784476 0.062987 0.00102969 72918.6 
0.784476 0.0689962 0.00182084 84050.1 
0.653688 0.0598984 0.00182084 70775.8 
0.523026 0.0597201 0.00182084 73757.5 
0.392238 0.0536038 0.00182084 61730 
0.392238 0.0528211 0.00411876 57638.1 
0.523026 0.0581238 0.00411876 71163.4 
0.653688 0.0616754 0.00411876 77674.9 
0.784476 0.0655098 0.00411876 80961 
0.784476 0.0581198 0.00728334 68577.3 
0.653688 0.0596332 0.00728334 74534.5 
0.523026 0.0580672 0.00728334 70283.8 
0.392238 0.0519221 0.00728334 54762.1 
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AmIENr S'mAM WATER WATER WATER GAS WJ;ZLE Vl!CUTJM 
TEMP TEMP FL<l'lRATE TEMP IN TEMP OOT TEl<lP OOT rumm mESS. 
C C 1bjbr C C C nm Hg 
18 99.5 3113 10 99 99 0 750 
18 99.5 4151 10 93 89 0 750 
18 100 5188 10 81 78 0 750 
18 100 6226 10 72 73 0 750 
18 100 6226 10 71 72 1 740 
18 100 5188 10 80 77 1 740 
18 100.5 4151 10 92 86 1 740 
18 100.5 3113 10 99.5 98 1 740 
18 100 3113 10 98 98 2 730 
18 100 4151 10 94 89 2 730 
18 100 5188 10 80 77 2 730 
18 100.5 6226 10 71 72 2 730 
18 100 6226 10 71 74 5 700 
18 100· 5188 10 79 77 5 700 
18 100 4151 10 90 86 5 700 
18 100 3113 10 96 95 5 700 
18 99 3113 10 93 92 4 645 
18 99 4151 10 89 85 4 645 
18 99 5188 10 78 78 4 645 
18 99 6226 10 71 73 4 645 
18 98 6226 10 70 72 3 540 
18 98 5188 10 77 76 3 540 
18 98 4151 10 85 83 3 540 
18 98 3113 10 89 90 3 540 
HEIGHT WATER FLOV STEAM FLOV AIR FLOV V.H.T.C. 
M &;/S &;/S KG/S W/MAA3/C 
0.8 0.392238 0.0589951 0 58089.9 
0.523026 0.0730631 0 75307.7 
0.653688 0.0774534 0 78487.9 
0.784476 0.0806769 0 78160.8 
0.784476 0.0794666 0.000468045 76852.1 
0.653688 0.0765159 0.000468045 77334.3 
0.523026 0.0725169 0.000468045 75243.9 
0.392238 0.063701 0.000468045 58780 
0.392238 0.0680565 0.00104199 57097.7 
0.523026 0.075294 0.00104199 76732.5 
0.653688 0.0767672 0.00104199 77339.4 
0.784476 0.0796167 0.00104199 76441.6 
0.784476 0.0799741 0.00184258 75210.3 
0.653688 0.0759769 0.00184258 75324.7 
0.523026 0.0719575 0.00184258 72041 
0.392238 0.0629364 0.00184258 56359 
0.392238 0.0626974 0.00416795 54913.6 
0.523026 0.0728793 0.00416795 71942.2 
0.653688 0.0760474 0.00416795 73360.1 
0.784476 0.0807529 0.00416795 76870.3 
0.784476 0.080352 0.00737032 76411.1 
0.653688 0.0759991 0.00737032 73907.2 
0.523026 0.0709122 0.00737032 67341.7 
0.392238 0.0626543 0.00737032 51559.7 
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~IENT S'lEAM WATER WATER WATER GAS laZLE Vla.1UM 
TEMP TEm> Et.CWRATE TEm> IN TEm> OOT TEMP OOT lUBm mESS. 
C C 1b/hr C C C nm Hg 
29 101.3 3113 14 69 96 0 155 
29 101.6 4151 14 56 91 0 155 
29 101.7 5185 14 48 86 0 155 
29 101.7 6226 14 42 82 0 155 
29 101.2 6226 14 42 82 1 150 
29 101.2 5185 14 48 85 1 150 
29 101.2 4151 14 55 91 1 150 
29 101.3 3113 14 69 96 1 150 
29 100.8 3113 14 65 95 2 145 
29 101 4151 14 55 91 2 145 
29 101.1 5185 14 47 87 2 145 
29 100.9 6226 14 41 82 2 145 
29 96.4 6226 14 40 77 3 132 
29 96.3 5185 14 43 81 3 132 
29 96 4151 14 47 85 3 132 
29 96.1 3113 14 52 89 3 132 
29 98 3113 14 56 91 4 138 
29 98.1 4151 14 49 87 4 138 
29 98.1 5185 14 44 83 4 138 
29 98 6226 14 40 79 4 138 
29 99.3 6226 14 41 80 5 142 
29 99.3 5185 14 46 85 5 142 
29 99.2 4151 14 51 89 5 142 
29 99.3 3113 14 59 93 5 142 
HEIGHT WATER FLew STEAM FLew AIR FLew V.1l. T.C. 
M &>/5 IIG/S KG/S W/MAA3/C 
0.25 0.392238 0.035681 0 80943.6 
0.523026 0.0360119 0 76181.7 
0.65331 0.0362195 0 74737.3 
0.784476 0.035675 0 72460.9 
0.784476 0.0359281 0.000374134 72748.6 
0.65331 0.0365456 0.000374134 75643.5 
0.523026 0.035753 0.000374134 73963.2 
0.392238 0.037272 0.000374134 80958.9 
0.392238 0.0357165 0.000822562 73277.2 
0.523026 0.036492 0.000822562 74093.9 
0.65331 0.0359852 0.000822562 71706.8 
0.784476 0.0349272 0.000822562 69727.4 
0.784476 0.0356667 0.00561478 71908 
0.65331 0.0342497 0.00561478 66435.3 
0.523026 0.0329576 0.00561478 60839.9 
0.392238 0.031611 0.00561478 53121.5 
0.392238 0.0323638 0.00322966 58897.9 
0.523026 0.0332432 0.00322966 63484.6 
0.65331 0.0342213 0.00322966 67188.3 
0.784476 0.0348092 0.00322966 69786.2 
0.784476 0.0352261 0.00144325 71740.6 
0.65331 0.0353109 0.00144325 71046.2 
0.523026 0.0335067 0.00144325 66575.4 
0.392238 0.0322434 0.00144325 63047.6 
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Nf3IENT STEI\M WATER WATER WATER GAS rozZLE VPaJUM 
TEMP TEMP ELOYRATE TEMP IN TEMP CXJT TEMP CXJT NlmER l'RESS. 
C C Ib/br C C C mn Hg 
28 99.3 3113 14 64 92 0 145 
28 99.3 4151 14 52 83 0 145 
28 99.3 5185 14 44 75 0 145 
28 99.3 6226 14 39 62 0 145 
28 99 6226 14 39 70 1 142 
28 99 5185 14 43 70 1 142 
28 99 4151 14 51 85 1 142 
28 99 3113 14 61 90 1 142 
27 98.5 3113 14 61 90 2 140 
27 98.5 4151 14 51 84 2 140 
27 98.6 5185 14 44 77 2 140 
27 98.5 6226 14 39 63 2 140 
27 94.1 6226 14 38 66 3 127 
27 94.1 5185 14 41 73 3 127 
27 94.1 4151 14 46 78 3 127 
27 94.1 3113 14 52 83 3 127 
27 95.8 3113 14 55 86 4 132 
27 95.9 4151 14 48 79 4 132 
27 95.9 5185 14 43 74 4 132 
27 95.9 6226 14 38 64 4 132 
27 97.4 6226 14 38 64 5 138 
27 97.4 5185 14 44 74 5 138 
27 97.4 4151 14 49 82 5 138 
27 97.4 3113 14 58 88 5 138 
HEIGHT VlATER FLGl STEAl1 FLGl AIR FLGl V.IL T.C. 
H !(G/S !(G/S !(G/S W/MAA3/C 
0.4 0.392238 0.0323723 0 52514.2 
0.523026 0.0325454 0 51433.3 
0.65331 0.0319246 0 50452.2 
0.784476 0.0318401 0 54035.6 
0.784476 0.0319455 0.000367217 50451 
0.65331 0.0309454 0.000367217 50611.9 
0.523026 0.0319829 0.000367217 48914.7 
0.392238 0.0309026 0.000367217 48966.4 
0.392238 0.0315555 0.000814521 49185.9 
0.523026 0.0323099 0.000814521 49542.2 
0.65331 0.0322967 0.000814521 49900.5 
0.784476 0.0319957 0.000814521 53938.8 
0.784476 0.0318122 0.00554956 51955.8 
0.65331 0.0306193 0.00554956 47042.2 
0.523026 0.0300224 0.00554956 44788.4 
0.392238 0.0284031 0.00554956 40412.3 
0.392238 0.0293979 0.00318574 43014.3 
0.523026 0.0307334 0.00318574 47298 
0.65331 0.0320418 0.00318574 50220.3 
0.784476 0.0311979 0.00318574 52041.1 
0.784476 0.030846 0.00143253 51320.6 
0.65331 0.032473 0.00143253 51746.7 
0.523026 0.0308805 0.00143253 47245.5 
0.392238 0.030039 0.00143253 45996.6 
---- -
124 
AmIENT S'ml\M WATER WATER WATER GAS rozZLE VK:UUM 
TEMP mIP FLCWRATE TEMP m mIP OOT TEMP OOT wmm IRmS. 
. C . C 1bjhr C C C mn 89 
28 100.8 3113 14 66 89 0 140 
28 100.8 4151 14 55 87 0 140 
28 100.8 5185 14 46 73 0 140 
28 100.8 6226 14 41 60 0 140 
28 100 6226 14 41 59 1 l38 
28 100 5185 14 45 70 1 138 
28 100 4151 14 52 82 1 l38 
28 100 3113 14 65 89 1 l38 
28 99.3 3113 14 63 88 2 135 
28 99.3 4151 14 53 81 2 135 
28 99.2 5185 14 45 72 2 l35 
28 99.3 6226 14 41 63 2 l35 
28 94.4 6226 14 38 62 3 125 
28 94.4 5185 14 42 70 3 125 
28 94.4 4151 14 47 78 3 125 
28 94.4 3113 14 54 83 3 125 
28 96.3 3113 14 57 85 4 l30 
28 96.2 4151 14 49 77 4 l30 
28 96.1 5185 14 43 69 4 130 
28 96.1 6226 14 39 63 4 130 
28 97.6 6226 14 40 63 5 133 
28 97.5 5185 14 45 72 5 133 
28 97.5 4151 14 50 80 5 133 
28 97.5 3113 14 60 87 5 133 
HEIGHT WA'Im ELCW STEl\M FLCW AIR FLCW V.H.T.C. 
M ID/S ID/S ID/S W/MAA3/C 
0.5 0.392238 0.0336784 0 42222.9 
0.523026 0.0351498 0 40729.1 
0.65331 0.0340642 0 41205.4 
0.784476 0.0343986 0 44756 .3 
0.784476 0.034464 0.00036328 45528.6 
0.65331 0.0330932 0.00036328 40896 .6 
0.523026 0.0327649 0.00036328 38583.3 
0.392238 0.0334885 0.00036328 41308.9 
0.392238 0.0326152 0.000802007 39530.1 
0.523026 0.0339014 0.000802007 40570 
0.65331 0.0332603 0.000802007 40458.9 
0.784476 0.0345691 0.000802007 44128 
0.784476 0.0315326 0.00550596 40242.8 
0.65331 0.0313496 0.00550596 37763 
0.523026 0.0308702 0.00550596 34792.4 
0.392238 0.0296899 0.00550596 32359.4 
0.392238 0.0304268 0.00316171 34560.3 
0.523026 0.0313678 0.00316171 37340.2 
0.65331 0.0317075 0.00316171 39235.3 
0.784476 0.0324491 0.00316171 41267.2 
0.784476 0.0334135 0.00141012 42739.2 
0.65331 0.0334861 0.00141012 41077 
0.523026 0.0316046 0.00141012 37305.9 
0.392238 0.0311811 0.00141012 36965.8 
----------
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AKlIENl' S'mlIM WATm WATER WATm GAS rozZLE waJUM 
TEMP TEMP ELWRATE TEMP IN TEMP OOT TEMP OOT wmm mESS. 
C C Ib/hr C C C nm Hg 
27 101.1 3113 15 68 85 0 145 
26 100.8 4151 15 54 74 0 145 
26 100.5 5185 15 47 62 0 145 
26 100.1 6226 15 41 51 0 145 
27 99.5 6226 15 40 51 1 142 
27 99.3 5185 15 46 63 1 142 
27 99.3 4151 15 54 73 1 142 
27 99.3 3113 15 67 83 1 142 
27 98.9 3113 15 68 85 2 140 
27 98.9 4151 15 53 72 . 2 140 
27 98.8 5185 15 45 62 2 140 
27 98.6 6226 15 41 52 2 140 
27 94.1 6226 15 39 56 3 130 
27 94 5185 15 43 65 3 130 
27 94 4151 15 49 73 3 130 
27 94.1 3113 15 57 80 3 130 
27 96 3113 15 59 81 4 135 
27 96 4151 15 51 73 4 135 
27 96 5185 15 44 64 4 135 
27 95.9 6226 15 40 56 4 135 
27 97.1 6226 15 41 56 5 140 
27 97.1 5185 15 45 63 5 140 
27 97.1 4151 15 52 74 5 140 
27 97.3 3113 15 62 82 5 140 
HEIGHT WATER FLa-1 STEAM FL<l'l AIR FLai V.ELT.C. 
M ro/S RG/S RG/S W/I1M 3/C 
0.65 0.392238 0.0343651 0 35849.5 
0.523026 0.033413 0 33958.5 
0.65331 0.0340934 0 36468.6 
0.784476 0.0331399 0 37449.5 
0.784476 0.031884 0.000367828 35833.7 
0.65331 0.0330949 0.000367828 35023.5 
0.523026 0.0335678 0.000367828 347,76.3 
0.392238 0.0339933 0.000367828 36126.1 
0.392238 0.0351005 0.000814521 36629.2 
0.523026 0.0328272 0.000814521 33995.5 
0.65331 0.0320861 0.000814521 34040 
0.784476 0.0332377 0.000814521 37644.1 
0.784476 0.0312775 0.00560027 34167.3 
0.65331 0.030979 0.00560027 31675.3 
0.523026 0.0310263 0.00560027 30319.8 
0.392238 0.03025 0.00560027 28492.1 
0.392238 0.0303717 0.00321337 29618.7 
0.523026 0.0319456 0.00321337 32137.6 
0.65331 0.0315157 0.00321337 32821.6 
0.784476 0.032278 0.00321337 35315 
0.784476 0.0333596 0.00144035 36671.2 
0.65331 0.0322384 0.00144035 34274 
0.523026 0.0322465 0.00144035 32694.6 
0.392238 0.0313612 0.00144035 31908.4 
------
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AmIENT S'ml\M WATER WATER WATER GAS WZZLE VJIaJUM 
TEMP TEMP FLcmATE TEMP IN TEMP OOT TI:NP OOT WM3m mESS. 
C C 1b/hr C C C nm Hg 
20 99.9 3113 14.2 65 80 0 150 
21 100 4151 14.2 52 72 0 ISO 
21 100.1 5185 14.2 46 63 0 ISO 
22 100.2 6226 14.2 40 56 0 ISO 
22 100 6226 14.2 41 56 1 145 
22 100 5185 14.2 46 64 1 145 
22 100 4151 14.2 52 72 1 145 
22 100 3113 14.2 65 80 1 145 
22 99.4 3113 14.2 65 81 2 140 
22 99.5 4151 14.2 54 72 2 140 
22 99.5 5185 14.2 46 64 2 140 
22 99.5 6226 14.2 40 57 2 140 
22 95 6226 14.2 40 56 3 127 
23 94.9 5185 14.2 44 61 3 127 
23 94.8 4151 14.2 50 68 3 127 
23 94.8 3113 14.2 59 75 3 127 
23 96.7 3113 14.2 61 79 4 l32 
23 96.6 4154 14.2 51 69 4 132 
23 96.6 5185 14.2 44 62 4 132 
23 96.6 6226 14.2 39 55 4 132 
24 98.1 6226 14.2 39 56 5 138 
24 98 5185 14.2 44 63 5 138 
24 98 4151 14.2 51 69 5 138 
24 98.1 3113 14.2 63 79 5 138 
HEIGHT ~'lATER FLCl'l STEAM FLCl'l AIR FLCl'l V.H.T.C. 
M &>/S &>/s &>/S H/11M 3/C 
0.8 0.392238 0.032899 0 28800.5 
0.523026 0.0323591 0 26964.5 
0.65331 0.0338669 0 29018.6 
0.784476 0.0328612 0 28407.5 
0.784476 0.0342014 0.000373836 29880.5 
0.65331 0.033937 0.000373836 28768.7 
0.523026 0.0324744 0.000373836 26967 
0.392238 0.0331022 0.000373836 28775.4 
0.392238 0.0333988 0.000821386 28663.1 
0.523026 0.0343812 0.000821386 29120.5 
0.65331 0.0340295 0.000821386 28908.5 
0.784476 0.0329697 0.000821386 28325.5 
0.784476 0.0335776 0.00559634 29938.1 
0.65331 0.0326462 0.00558689 28611 
0.523026 0.0320418 0.00558689 27378.7 
0.392238 0.0311271 0.00558689 26388.8 
0.392238 0.0319275 0.00320716 26526 
0.523404 0.0323889 0.00320716 27671.2 
0.65331 0.0322825 0.00320716 27837.3 
0.784476 0.0319625 0.00320716 28287.6 
0.784476 0.031764 0.00143973 27584.7 
0.65331 0.0319846 0.00143973 27183.9 
0.523026 0.0318881 0.00143973 27266 
0.392238 0.0323328 0.00143973 27855.2 
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MBIENT S'ml\M WATER WATER WATER GAS IDJ;ZLE VPaJOM 
TEMP mlP ruJolRATE mlP IN mlP OOT TEMP OOT wmm HW>S. 
C C 1b/hr C C C nm 8g 
29 100 3113 12.5 96.5 99 0 640 
30 100.9 4151 12.5 81 97 0 640 
. 30 101.5 5185 12.5 71 94 0 640 
30 101.8 6226 12.5 61 90 0 640 
30 101.7 6226 12.5 60 90 1 630 
30 101.8 5185 12.5 68 94 1 630 
30 102 4151 12.5 80 98 1 630 
30 102.4 3113 12.5 91 99 1 630 
30 102.4 3113 12.5 87 99 2 620 
31 102.4 4151 12.5 78 98 2 620 
31 102.2 5185 12.5 68 94 2 620 
31 102 6226 12.5 60 90 2 620 
31 98.4 6226 12.5 54 86 3 585 
31 98.3 5185 12.5 58 89 3 585 
31 98.2 4151 12.5 63 92 3 585 
31 98.3 3113 12.5 68 96 3 585 
31 99.9 3113 12.5 74 99 4 640 
31 100 4151 12.5 68 94 4 640 
31 99.8 5185 12.5 62 91 4 640 
31 99.6 6226 12.5 56 87 4 640 
31 100.6 6226 12.5 58 88 5 620 
31 100.6 5185 12.5 64 92 5 620 
31 100.6 4151 12.5 72 95 5 620 
31 100.7 3113 12.5 79 99 5 620 
HEIGIfr WATER FLClV STEAM FLClV AIR FLClV V.H. T.C. 
M l'J3/S l'J3/S l'J3/S IV/M~~3/C 
0.25 0.392238 0.0555667 0 159923 
0.523026 0.0597532 0 148359 
0.65331 0.0632884 0 146544 
0.784476 0.0625721 0 137202 
0.784476 0.0619037 0.000458693 133282 
0.65331 0.0611318 0.000458693 134801 
0.523026 0.0631042 0.0004586 93 141934 
0.392238 0.0615827 0.0004586 93 136989 
0.392238 0.0709985 0.00102117 124654 
0.523026 0.0665351 0.00101949 134594 
0.65331 0.062609 0.00101949 l34365 
0.784476 0.0626964 0.00101949 132970 
0.784476 0.0600831 0.00721119 117350 
0.65331 0.058082 0.00721119 108460 
0.523026 0.0572474 0.00721119 98477.2 
0.392238 0.0667265 0.00721119 82080.7 
0.392238 0.128382 0.00407795 92478.7 
0.523026 0.0588832 0.00407795 109710 
0.65331 0.0599704 0.00407795 118777 
0.784476 0.0601849 0.00407795 122916 
0.784476 0.0606795 0.0018028 128702 
0.65331 0.0588983 0.0018028 123910 
0.523026 0.057534 0.0018028 120421 
0.392238 0.0824911 0.0018028 104202 
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AM3IENl' STEAM WATER WATER WATER GAS tUlZLE VKlJUM 
TEMP '!DIP FLCl'JRATE TEMP IN TEMP OOT TEMP CXJT tmBm mESS •. 
C ·C 1b/hr C C C mn Hg 
28 100.9 3113 14 97 99.7 0 650 
28 101.3 4151 14 82 96 0 650 
28 101.4 5185 14 71 88 0 650 
28 101.3 6226 14 61 81 0 650 
28 100.8 6226 14 61 81 1 645 
28 100.7 5185 14 68 88 1 645 
28 100.5 4151 14 80 95 1 645 
28 100.7 3113 14 92 99.7 1 645 
28 100.6 3113 14 88 99 2 635 
28 100.7 4151 14 79 95 2 635 
28 100.7 5185 14 69 88 2 635 
28 100.6 6226 14 61 81 2 635 
28 97 6226 14 56 79 3 595 
28 96.8 5185 14 60 83 3 595 
28 96.6 4151 14 66 88 3 595 
28 96.5 3113 14 71 92 3 595 
28 98 3113 14 76 94 4 650 
28 98.1 4151 14 70 90 4 650 
28 98.1 5185 14 64 85 4 650 
28 98 6226 14 58 81 4 650 
29 99 6226 14 59 80 5 660 
29 99 5185 14 66 85 5 660 
29 99 4151 14 74 91 5 660 
29 99 3113 14 81 96 5 660 
HEIGHT ~vATER FLCl'I STEAM FLCl'I AIR FLCl'I V.H.T.C. 
M &>/s &>/s &>/s W/MM 3/C 
0.4 0.392238 0.0548902 0 112740 
0.523026 0.0593411 0 107839 
0.65331 0.0616698 0 108752 
0.784476 0.0606571 0 104067 
0.784476 0.0609509 0.000460213 104555 
0.65331 0.0588568 0.000460213 100605 
0.523026 0.0590642 0.000460213 104322 
0.392238 0.136055 0.000460213 100348 
0.392238 0.0708367 0.00102455 91762.3 
0.523026 0.060004 0.00102455 101490 
0.65331 0.060618 0.00102455 103518 
0.784476 0.0612946 0.00102455 104758 
0.784476 0.0578731 0.00724699 93871.1 
0.65331 0.0546559 0.00724699 86021.6 
0.523026 0.0532791 0.00724699 79065.5 
0.392238 0.0508667 0.00724699 65910.2 
0.392238 0.0514213 0.0040982 72969 
0.523026 0.0544692 0.0040982 85759 
0.65331 0.0574085 0.0040982 94344 
0.784476 0.0592378 0.0040982 97521.2 
0.784476 0.059082 0.00180875 100723 
0.65331 0.0576825 0.00180875 99261.3 
0.523026 0.0551221 0.00180875 93998.4 
0.392238 0.0515794 0.00180875 80676 
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AmIENT STEAM WATER WATER WATER GAS tUZZLE V1a1UM 
TEMP '!DIP n.amATE '!DIP IN TEm' OOT TEMP OOT mmm liRfSS. 
C C 1b/hr C C C nm Hg 
22 101.7 3113 14 99 99.7 0 640 
23 101.7 4151 14 B3 92 0 640 
23 101.7 5185 14 71 85 0 640 
23 101.7 6226 14 61 79 0 640 
23 101 6226 14 61 79 1 635 
23 101 5185 14 70 85 1 635 
23 101 4151 14 80 93 1 635 
23 101 3113 14 94 99.7 1 635 
24 101.2 3113 14 90 98 2 630 
24 101.2 4151 14 79 92 2 630 
24 101.2 5185 14 68 86 2 630 
24 101.2 6226 14 61 78 2 630 
24 96.8 6226 14 56 76 3 600 
24 96.8 5185 14 61 82 3 600 
24 96.8 4151 14 68 88 3 600 
24 96.8 3113 14 75 91 3 600 
24 98.2 3113 14 80 93 4 650 
24 98.2 4151 14 71 89 4 650 
25 98.2 5185 14 63 83 4 650 
25 98.2 6226 14 58 77 4 650 
25 99 6226 14 59 77 5 655 
25 99 5185 14 65 83 5 655 
25 99 4151 14 74 90 5 655 
25 99 3113 14 B3 95 5 655 
HEIGHT WATER ELCl'l STEAM ELCl'l AIR ELCl'l V.ILT.C. 
M ~/S &;jS Fl.'l/S W/MAA3/C 
0.5 0.392238 0.0562589 0 87669.9 
0.523026 0.0602382 0 85813.8 
0.65331 0.0616574 0 83517.1 
0.784476 0.0606409 0 79031.9 
0.784476 0.060905 0.000464079 79557.2 
0.65331 0.0609532 0.000464079 81755.3 
0.523026 0.0585601 0.000464079 79215.5 
0.392238 0.138145 0.000464079 78542.6 
0.392238 0.059696 0.00103142 72374.4 
0.523026 0.0585628 0.00103142 77819.9 
0.65331 0.0592673 0.00103142 76346.2 
0.784476 0.0611471 0.00103142 80177.1 
0.784476 0.0571679 0.00729558 72402.8 
0.65331 0.0553857 0.00729558 67058.9 
0.523026 0.0551224 0.00729558 62581.6 
0.392238 0.0518122 0.00729558 55430.4 
0.392238 0.0523901 0.00412568 61144.9 
0.523026 0.0547293 0.00412568 66558.9 
0.65331 0.0557405 0.00411876 69716.5 
0.784476 0.0585962 0.00411876 75638.6 
0.784476 0.0588858 0.00182084 77541.8 
0.65331 0.0563251 0.00182084 73484.3 
0.523026 0.0547747 0.00182084 71013.7 
0.392238 0.0512529 0.00182084 64162.3 
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AmIEN.r STEl\M WATER WATER WATER GAS raZLE VACUUM 
TEMP mu> n.Cl'IRATE mu> IN Ta1P CXJT TEMP CXJT WMlER mESS. 
C c· Ib/hr C C C nm Hg 
27 101.6 3113 14 99.7 99.7 0 635 
27 101.9 4151 14 81 90 0 635 
27 101.8 5185 14 70 80 0 635 
27 101.8 6226 14 61 68 0 635 
27 101 6226 14 60 69 1 620 
27 100.7 5185 14 67 78 1 620 
27 100.6 4151 14 78 89 1 620 
27 100.7 3113 14 94 98 1 620 
27 100.6 3113 14 92 96 2 610 
27 100.8 4151 14 79 89 2 610 
27 100.7 5185 14 67 79 2 610 
27 100.7 6226 14 60 69 2 610 
27 96.8 6226 14 57 70 3 590 
27 96.6 5185 14 62 78 3 590 
27 96.5 4151 14 70 84 3 590 
27 96.6 3113 14 78 90 3 590 
27 98 3113 14 81 92 4 645 
27 98.2 4151 14 72 86 4 645 
27 98.1 5185 14 65 79 4 645 
27 98 6226 14 58 71 4 645 
27 99 6226 14 58 71 5 650 
27 99 5185 14 66 79 5 650 
27 99 4151 14 76 87 5 650 
27 99 3113 14 87 94 5 650 
HEIGHT WATER n.Oif STEAM ELm AIR n.OI v. H. T.e. 
14 NJjs NJjs NJjs \vjl'(~3jC 
0.65 0.392238 0.0567532 0 69708.1 
0.523026 0.0584053 0 64867.8 
0.65331 0.060531 0 66604.7 
0.784476 0.0606369 0 68832.7 
0.784476 0.0594548 0.000460978 66478.6 
0.65331 0.0574327 0.000460978 62970.2 
0.523026 0.0563125 0.000460978 61390.7 
0.392238 0.0571336 0.000460978 62608.1 
0.392238 0.0557827 0.00102626 61034.6 
0.523026 0.0579327 0.00102626 62916.9 
0.65331 0.057737 0.00102626 62338.2 
0.784476 0.0596091· 0.00102626 66689 
0.784476 0.0574783 0.00725905 62166.3 
0.65331 0.0552195 0.00725905 56347.9 
0.523026 0.0542089 0.00725905 54070.3 
0.392238 0.0523394 0.00725905 47535.9 
0.392238 0.0516846 0.00410502 49639.2 
0.523026 0.0541767 0.00410502 55092.8 
0.65331 0.0571691 0.00410502 60279.6 
0.784476 0.0579828 0.00410502 62853.4 
0.784476 0.0572825 0.00181476 62202.4 
0.65331 0.0570858 0.00181476 61551.2 
0.523026 0.0558253 0.00181476 60384.6 
0.392238 0.052846 0.00181476 56056.6 
131 
AmIENT S'lEAM WATER WATER WATER GAS rozZLE VACUUM 
TEMP TEMP El.GlRATE TEMP IN TEMP CUT TEMP CUT tmBER mESS. 
C C 1b/hr C C C IlIU Hg 
25 101.7 3113 14.2 99.7 99.7 0 635 
25 102.2 4151 14.2 82 89 0 635 
25 102.3 5185 14.2 70 79 0 635 
25 102.1 6226 14.2 61 69 0 635 
25 101.7 6226 14.2 60 71 1 630 
25 101.5 5185 14.2 69 80 1 630 
25 101.3 4151 14.2 79 88 1 630 
25 101.3 3113 14.2 96 97 1 630 
25 100.8 3113 14.2 94 96 2 620 
25 101 4151 14.2 80 88 2 620 
25 100.7 5185 14.2 68 79 2 620 
25 100 6226 14.2 60 70 2 620 
25 94.6 6226 14.2 55 65 3 600 
25 94.6 5185 14.2 62 73 3 600 
25 94.7 4151 14.2 69 80 3 600 
25 94.8 3113 14.2 78 87 3 600 
25 97 3113 14.2 83 89 4 640 
25 97 4151 14.2 73 83 4 640 
25 97.1 5185 14.2 64 75 4 640 
25 97 6226 14.2 57 66 4 640 
25 94 6226 14.2 55 64 5 650 
25 94 5185 14.2 60 74 5 650 
25 94 4151 14.2 70 81 5 650 
25 94 3113 14.2 83 89 5 650 
HEIGHT ~lATER El.Cl'1 STEAM El.OV AIR El.Cl'1 V.H.T.C. 
M Fn/S Fn/S Fn/S Vl/MAA3/C 
0.8 0.392238 0.0566169 0 57122.9 
0.523026 0.0591306 0 54971.1 
0.65331 0.0602946 0 54845.3 
0.784476 0.0603668 0 55589.2 
0.784476 0.0591863 0.000462521 52930.7 
0.65331 0.05946 0.000462521 53167.9 
0.523026 0.0569595 0.000462521 51831.8 
0.392238 0.0567743 0.000462521 54148.6 
0.392238 0.0570483 0.00102969 52459.5 
0.523026 0.058525 0.00102969 53393.6 
0.65331 0.05864l3 0.00102969 52590.1 
0.784476 0.0593976 0.00102969 54413.9 
0.784476 0.0541056 0.00728334 51197.3 
0.65331 0.0540595 0.00728334 49643.4 
0.523026 0.0516326 0.00728334 45735.7 
0.392238 0.0492817 0.00728334 41031.4 
0.392238 0.0504323 0.00411876 44790.4 
0.523026 0.0540482 0.00411876 48510.6 
0.65331 0.0553499 0.00411876 50408.7 
0.784476 0.0561042 0.00411876 52956.8 
0.784476 0.0530355 0.00182084 52082.3 
0.65331 0.0500812 0.00182084 46250.4 
0.523026 0.0496278 0.00182084 46916.6 
0.392238 0.0476005 0.00182084 46313.7 
-----------
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AM3IENr STEAM WATER WATER WATER GJIS rozZLE waJUM 
TEMP mlP ELCWRATE 'rEm'm 'rEm' CXJT 'rEm' CXJT Wl£fR IRESS. 
C c ·lb/hr c c C mn Hg 
31 103 3113 14 98 99 0 758 
31 103 4151 14 87 99 0 758 
31 103 5185 14 75 96 0 758 
31 103 6226 14 68 92 0 758 
31 102.7 6226 14 67 92 1 755 
31 102.7 5185 14 75 95 1 755 
31 102.7 4151 14 90 98 1 755 
31 102.7 3113 14 96 99 1 755 
31 102.5 3113 14 89 99 2 735 
31 102.6 4151 14 81 98 2 735 
31 102.6 5185 14 73 95 2 735 
31 102.6 6226 14 64 92 2 735 
31 99.4 6226 14 58 87 3 530 
31 98.9 5185 14 62 90 3 530 
31 98.8 4151 14 67 93 3 530 
31 98.9 3113 14 72 96 3 530 
31 100.4 3113 14 77 98 4 610 
31 100.4 4151 14 71 95 4 610 
31 100.4 5185 14 65 91 4 610 
31 100.2 6226 14 60 88 4 610 
31 101.1 6226 14 62 90 5 690 
31 101.1 5185 14 68 93 5 690 
31 101.1 4151 14 76 96 5 690 
31 101.1 3113 14 81 99 5 690 
HEIGHT ~IATER ELCl'l STEAM ELCKl AIR ELCl'l V.HoT.C. 
M n.>/S n.>/S n.>/S W/M~~3/C 
0.25 0.392238 0.0555098 0 160143 
0.523026 0.0638468 0 164134 
0.65331 0.0661039 0 156033 
0.784476 0.0699381 0 160701 
0.784476 0.0694766 0.000457939 156660 
0.65331 0.0676243 0.000457939 157915 
0.523026 0.070919 0.000457939 178878 
0.392238 0.064042 0.000457939 153300 
0.392238 0.0713536 0.00101949 130003 
0.523026 0.0679495 0.00101949 143578 
0.65331 0.0672232 0.00101949 149937 
0.784476 0.0665295 0.00101949 143847 
0.784476 0.0641146 0.00721119 128589 
0.65331 0.062067 0.00721119 118699 
0.523026 0.0618808 0.00721119 107291 
0.392238 0.0684349 0.00721119 89913.6 
0.392238 0.079407 0.00407795 99370.9 
0.523026 0.0628296 0.00407795 116088 
0.65331 0.0616723 0.00407795 126890 
0.784476 0.064004 0.00407795 134789 
0.784476 0.0645857 0.0018028 139696 
0.65331 0.062321 0.0018028 134933 
0.523026 0.0615601 0.0018028 130534 
0.392238 0.0828648 0.0018028 108263 
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AmIENT STEllM WATER WATER WATER GM> rozZLE wa.ruM 
TEMP TEMP ELGlRATE TEMP IN TEMP OOT TEMP OOT rmaER mESS. 
C C 1b/hr . C C C mn Hg 
29 101.1 3113 14 99 99.7 0 758 
29 101.6 4151 14 90 99 0 758 
29 101.7 5185 14 76 92 0 758 
29 101.7 6226 14 67 85 0 758 
29 101.2 6226 14 66 85 1 755 
29 100.9 5185 14 75 92 1 755 
29 100.8 4151 14 87 97 1 755 
29 101.2 3113 14 95 99.7 1 755 
29 101.1 3113 14 91 99.7 2 740 
29 101.3 4151 14 83 97 2 740 
29 101.2 5185 14 74 92 2 740 
29 101.1 6226 14 66 86 2 740 
29 97.7 6226 14 60 80 3 540 
29 97.5 5185 14 64 86 3 540 
29 97.3 4151 14 70 90 3 540 
29 97.2 3113 14 75 93 3 540 
29 98.5 3113 14 80 95 4 620 
29 98.5 4151 14 74 92 4 620 
29 98.5 5185 14 67 87 4 620 
29 98.4 6226 14 62 81 4 620 
29 99.3 6226 14 63 83 5 700 
29 99.2 5185 14 70 89 5 700 
29 99.2 4151 14 78 93 5 700 
29 99.3 3113 14 84 97 5 700 
HEIGHT vlATER ELm STEl\M ELm AIR ELm V.H.T.C. 
M ID/S ID/S KG/S W/MAA3/C 
0.4 0.392238 0.056282 0 117987 
0.523026 0.0666693 0 127081 
0.65331 0.0672915 0 119495 
0.784476 0.0686567 0 119612 
0.784476 0.0677246 0.000459451 116726 
0.65331 0.0670662 0.000459451 117262 
0.523026 0.0666535 0.000459451 121569 
0.392238 0.137983 0.000459451 107330 
0.392238 0.238825 0.00102286 97828.5 
0.523026 0.0662906 0.00102286 109536 
0.65331 0.0669896 0.00102286 113856 
0.784476 0.0682883 0.00102286 115755 
0.784476 0.0634512 0.007235 105377 
0.65331 0.0606785 0.007235 94025.3 
0.523026 0.059005 0.007235 86456 
0.392238 0.0559175 0.007235 72340.4 
0.392238 0.056689 0.00409142 79848.9 
0.523026 0.0599185 0.00409142 93572.9 
0.65331 0.0614831 0.00409142 100786 
0.784476 0.0645453 0.00409142 110386 
0.784476 0.0646783 0.00180875 110705 
0.65331 0.0629383 0.00180875 106981 
0.523026 0.059796 0.00180875 102343 
0.392238 0.0566106 0.00180875 85923.9 
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lIIflIENT STEAM WATER WNreR WATER GAS ~ZLE waJUM 
TEMP TEm' FL<i-1RA'l'E TEMP IN TEMP OOT TEMP OOT mM3ER mESS. 
C C Ib/hr C C C mn Hg 
24 101.6 3113 15 99 99.7 0 752 
24 102 4151 15 89 98 0 752 
24 102 5185 15 76 91 0 752 
24 101.7 6226 15 67 85 0 752 
24 100.4 6226 15 65 82 1 749 
24 100.4 5185 15 75 90 1 749 
24 100.4 4151 15 86 95 1 749 
24 100.4 3113 15 96 99.7 1 749 
24 100.8 3113 15 92 99 2 732 
24 100.8 4151 15 83 96 2 732 
24 100.8 5185 15 73 90 2 732 
24 100.5 6226 15 65 83 2 732 
24 96.9 6226 15 59 80 3 535 
24 96.6 5185 15 64 85 3 535 
24 96.8 4151 15 70 89 3 535 
24 97 3113 15 76 93 3 535 
25 98.4 3113 15 81 95 4 610 
25 98.4 4151 15 75 91 4 610 
25 98.4 5185 15 70 88 4 610 
25 98.3 6226 15 62 82 4 610 
25 98.9 6226 15 62 82 5 690 
25 98.9 5185 15 70 88 5 690 
25 98.9 4151 15 78 92 5 690 
25 98.9 3113 15 85 96 5 690 
HEIGHT WATER ELGl S1'EAM ELG1 AIR ELG1 V.H.T.C. 
11 Fl3/S Fl3/S Fl3/S W/MM 3/C 
0.5 0.392238 0.0556009 0 87729.1 
0.523026 0.0648532 0 93084.1 
0.65331 0.0661928 0 89418.2 
0.784476 0.0673613 0 88628.8 
0.784476 0.0650392 0.000463298 87009.1 
0.65331 0.0657993 0.000463298 89283.5 
0.523026 0.0636902 0.000463298 90631.6 
0.392238 0.138757 0.000463298 82779.2 
0.392238 0.0730885 0.00103142 75332.3 
0.523026 0.0637874 0.00103142 82786.8 
0.65331 0.0643423 0.00103142 84193.6 
0.784476 0.0654602 0.00103142 86093.5 
0.784476 0.0608936 0.00729558 75930.5 
0.65331 0.0590753 0.00729558 70867.3 
0.523026 0.0570451 0.00729558 65090 
0.392238 0.0560849 0.00729558 55351.4 
0.392238 0.0568114 0.00411876 61060 
0.523026 0.0589637 0.00411876 72229.9 
0.65331 0.0642685 0.00411876 80791.6 
0.784476 0.0634807 0.00411876 80935.3 
0.784476 0.061971 0.00182084 80447.3 
0.65331 0.0616356 0.00182084 80370.9 
0.523026 0.0583636 0.00182084 77130.8 
0.392238 0.0537234 0.00182084 66619.7 
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AmIENT S'reAM WATER WATER WATER GM> rozZLE VFa.JUM 
TEMP TEMP FLQo1RATE TEMP IN TEMP OOT TEMP OOT wmm mms. 
c c Ib/hr C C C IlIn Hg 
26 102.3 3113 15 99 99.7 0 755 
26 102.5 4151 15 89 96 0 755 
26 102.2 5185 15 77 87 0 755 
26 101.6 6226 15 67 79 0 755 
26 100.9 6226 15 66 79 1 750 
26 100.6 5185 15 74 85 1 750 
27 100.6 4151 15 87 94 1 750 
27 101.2 3113 15 98 99.7 1 750 
27 101.4 3113 15 94 99.5 2 730 
27 101.6 4151 15 85 94 2 730 
27 101.3 5185 15 75 88 2 730 
27 100.8 6226 15 66 80 2 730 
27 97.3 6226 15 61 77 3 540 
27 97.1 5185 15 67 83 3 540 
27 97.1 4151 15 74 88 3 535 
27 97.3 3113 15 80 92 3 535 
27 98.9 3113 15 84 94 4 615 
27 99 4151 15 78 90 4 615 
27 88.9 5185 15 70 84 4 615 
27 98.5 6226 15 63 78 4 615 
27 99.2 6226 15 64 79 5 690 
27 99 5185 15 71 85 5 690 
27 99.2 4151 15 80 91 5 690 
27 99.6 3113 15 89 96 5 690 
HEIGHT WATER FLaT STEAM FLaT AIR FLCl'I V.H.T.C. 
M ~/S ~/S ~/S WM~~3/C 
0.65 0.392238 0.0555743 0 67987.8 
0.523026 0.0648312 0 73868.9 
0.65331 0.0673142 0 74549.6 
0.784476 0.0673658 0 73512.2 
0.784476 0.0662917 0.000461748 71830 
0.65331 0.0643845 0.000461748 71230.2 
0.523026 0.0643025 0.000460978 73238.4 
0.392238 0.139697 0.000460978 67324.6 
0.392238 0.112648 0.00102626 61120 
0.523026 0.0639311 0.00102626 68896.1 
0.65331 0.0662601 0.00102626 70529.8 
0.784476 0.066625 0.00102626 71187.3 
0.784476 0.0627124 0.00725905 64993.9 
0.65331 0.0613789 0.00725905 61564.6 
0.523026 0.0596119 0.00725905 57362.4 
0.392238 0.0563358 0.00725905 48503.7 
0.392238 0.0562276 0.00410502 51835.2 
0.523026 0.0608119 0.00410502 61469 
0.65331 0.0631343 0.00410502 72681.9 
0.784476 0.0640847 0.00410502 67755.6 
0.784476 0.0643773 0.00181476 68710.2 
0.65331 0.0622109 0.00181476 66509.2 
0.523026 0.0596998 0.00181476 64013.1 
0.392238 0.0564335 0.00181476 57157.3 
:-
AmIENT S'mAM WATER WATER WATER GAS roz;ZLE VFaJUM 
TEMP TEMP FLGlRATE TEMP m TEMP OOT TEMP OOT NJmm mESS. 
, 
C C 1b/hr C C C mn Hg 
19 101.4 3113 15 99 99.7 0 748 
19 101.4 4151 15 89 92 0 748 
20 101.5 5185 15 77 82 0 748 
21 101.5 6226 15 67 73 0 748 
21 101 6226 15 66 72 1 745 
21 101 5185 15 74 80 1 745 
22 101.1 4151 15 87 91 1 745 
22 101.7 3113 15 99 99.7 1 745 
22 101.2 3113 15 97 99 2 730 
22 101.4 4151 15 87 92 2 730 
22 101.3 5185 15 75 82 2 730 
22 100.9 6226 15 67 77 2 730 
22 97.3 6226 15 63 73 3 540 
22 97.1 5185 15 70 79 3 540 
22 97.1 4151 15 75 85 3 540 
22 97.2 3113 15 83 91 3 540 
23 99.2 3113 15 88 93 4 615 
23 99.2 4151 15 79 88 4 615 
23 99 5185 15 72 80 4 615 
23 98.8 6226 15 64 75 4 615 
23 99.1 6226 15 65 77 5 693 
23 99.1 5185 15 72 80 5 690 
24 99.1 4151 15 82 88 5 693 
24 99.4 3113 15 92 95 5 693 
HEIGHT ~IATER FLm Sl'El\M FLCW AIR FLGI V.H.T.C. 
M &>/s &>/s &;/s W/MAA3/C 
0.8 0.392238 0.0556084 0 56349.6 
0.523026 0.0648796 0 64052.9 
0.65331 0.0673459 0 64967 
0.784476 0.0673703 0 64287.9 
0.784476 0.066196 0.000465653 63351.4 
0.65331 0.0642351 0.000465653 61363.9 
0.523026 0.0638145 0.000464864 61757.5 
0.392238 0.141092 0.000464864 56296.1 
0.392238 0.0766292 0.00103491 54285.8 
0.523026 0.0649976 0.00103491 60889.6 
0.65331 0.065762 0.00103491 61584.1 
0.784476 0.0678503 0.00103491 62012.6 
0.784476 0.0646204 0.00732024 59331.6 
0.65331 0.0633686 0.00732024 57638.2 
0.523026 0.058419 0.00732024 49970.8 
0.392238 0.0566537 0.00732024 43609.4 
0.392238 0.0572158 0.00413263 47493.6 
0.523026 0.0605136 0.00413263 52806.6 
0.65331 0.0640827 0.00413263 59220.5 
0.784476 0.0650407 0.00413263 59001.2 
0.784476 0.0655973 0.00182697 59415.8 
0.65331 0.0628109 0.00182697 59137.2 
0.523026 0.0606286 0.0018239 57273.4 
0.392238 0.0568058 0.0018239 51240.6 
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AmIENl' S'mAM WATER WATER WATER GAS IDZZLE VlCUUM 
TEMP TEMP FLCllPATE TEMP IN TEMP OOT TEMP OOT Wf.Bm l'RmS. 
C C 1b/hr C C C mu Hg 
27 103 3113 15.5 98 99 0 755 
27 103 4151 15.5 94 99 0 755 
28 103.5 5185 15.5 80 98 0 755 
28 103.3 6226 15.5 71 94 0 755 
28 103 6226 15.5 70 93 1 750 
28 103 5185 15.5 80 97 1 750 
28 103.2 4151 15.5 91 99 1 750 
28 104 3113 15.5 96 99 1 750 
29 103 3113 15.5 91 99 2 738 
29 102.9 4151· 15.5 86 98 2 738 
30 102.8 5185 15.5 77 96 2 738 
30 102.5 6226 15.5 68 92 2 738 
30 99.3 6226 15.5 61 88 3 535 
31 98.7 5185 15.5 65 91 3 535 
31 98.6 4151 15.5 69 93 3 535 
31 98.6 3113 15.5 73 95 3 535 
30 99.9 3113 15.5 77 96 4 640 
30 99.7 4151 15.5 74 94 4. 640 
30 99.5 5185 15.5 68 92 4 640 
30 98.5 6226 15.5 62 87 4 640 
30 98.4 6226 15.5 63 87 5 700 
30 97.8 5185 15.5 68 90 5 700 
30 97.8 4151 15.5 75 93 5 700 
30 98.5 3113 15.5 80 95 5 700 
HEIGHT I'IATER FLO'/ STEl\M FLO'/ AIR FLO'/ V.H.T.C. 
M FrJ/S FrJ/S FrJ/S W/MAA3/C 
0.25 0.392238 0.0545186 0 159950 
0.523026 0.0689842 0 193638 
0.65331 0.0701087 0 171799 
0.784476 0.0720108 0 168789 
0.784476 0.0717016 0.000460213 166099 
0.65331 0.0728478 0.000460213 174286 
0.523026 0.0761695 0.000460213 179738 
0.392238 0.0630539 0.000460213 150879 
0.392238 0.0718053 0.00102286 135196 
0.523026 0.071226 0.00102286 161051 
0.65331 0.071086 0.00102117 163060 
0.784476 0.0699488 0.00102117 159079 
0.784476 0.0670092 0.00722306 137561 
0.65331 0.0652518 0.00721119 126798 
0.523026 0.0623823 0.00721119 112185 
0.392238 0.061216 0.00721119 92415.2 
0.392238 0.0575222 0.00408467 100708 
0.523026 0.0617118 0.00408467 126451 
0.65331 0.0644869 0.00408467 136188 
0.784476 0.0643406 0.00408467 144220 
0.784476 0.0633496 0.00180577 148878 
0.65331 0.059419 0.00180577 140913 
0.523026 0.0558125 0.00180577 133581 
0.392238 0.0481806 0.00180577 111541 
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l\!£IENr S'mAM WATm WATER WATER GAS rozZLE VJV:UUM 
TEMP TaIP Ji1.CWRATE TEMP IN TEMP roT TEMP OOT WM3ER mESS. 
C C 1b/hr C C C nm Hg 
24 103 3113 16 98 99 0 755 
24 103 4151 16 95 99 0 755 
24 102.5 5185 16 80 91 0 755 
24 101.8 6226 16 68 84 0 755 
24 101.1 6226 16 68 85 1 750 
25 100.8 5185 16 76 90 1 750 
25 100.8 4151 16 89 96 1 750 
25 102 3113 16 98 99 1 750 
26 102 3113 16 94 99 2 740 
26 102 4151 16 87 97 2 740 
26 101.6 5185 16 78 91 2 740 
26 100.9 6226 16 68 85 2 740 
27 97.3 6226 16 61 80 3 535 
28 95 5185 16 62 82 3 535 
28 95 4151 16 67 83 3 535 
28 95 3113 16 72 90 3 535 
28 97.5 3113 16 81 92 4 640 
28 97.3 4151 16 76 90 4 640 
29 97.3 5185 16 66 84 4 640 
29 97 6226 16 62 81 4 640 
29 97.6 6226 16 61 81 5 700 
28 97.5 5185 16 69 86 5 700 
28 98 4151 16 79 92 5 700 
28 98.7 3113 16 86 95 5 700 
HEIGHT HATER Ji1.CW STEAM FLCl'l AIR Ji1.CW V.H.T.C. 
M FG/S FG/S FG/S W/MM 3/C 
0.4 0.392238 0.0541881 0 113512 
0.523026 0.0694709 0 140728 
0.65331 0.0696121 0 131561 
0.784476 0.0674019 0 121935 
0.784476 0.0678225 0.000463298 121575 
0.65331 0.0658244 0.000462521 121373 
0.523026 0.0659958 0.000462521 128363 
0.392238 0.0642411 0.000462521 114854 
0.392238 0.0737004 0.00102797 104226 
0.523026 0.0682056 0.00102797 119272 
0.65331 0.0690697 0.00102797 125870 
0.784476 0.0683058 0.00102797 121821 
0.784476 0.0622271 0.00725905 106646 
0.65331 0.0543743 0.00724699 92018.9 
0.523026 0.0493507 0.00724699 85411.4 
0.392238 0.04698 0.00724699 69115.3 
0.392238 0.050376 0.0040982 84632.1 
0.523026 0.0581793 0.0040982 100753 
0.65331 0.0572054 0.00409142 99973.4 
0.784476 0.0620154 0.00409142 109361 
0.784476 0.0592971 0.00180875 105205 
0.65331 0.0590916 0.00181175 107010 
0.523026 0.0584176 0.00181175 106309 
0.392238 0.051982 0.00181175 92222.8 
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A!eIENl' S'ml\M WATER WATER WATER GAS IDZZLE waJUM 
TEMP TEMP ELaI'RATE TEMP m TEMP CXJT TEMP CXJT wmm mESS. 
C C 1b/hr C C C nm Hg 
25 101.7 3113 14 99.7 99.7 0 755 
25 101.7 4151 14 93 98 0 755 
25 101.7 5185 14 79 91 0 755 
25 101.7 6226 14 68 89 0 755 
25 101.2 6226 14 69 82 1 750 
26 100.9 5185 14 78 91 1 750 
26 100.9 4151 14 89 98 1 750 
26 100.9 3113 14 97 99.7 1 750 
26 100.9 3113 14 94 99.7 2 740 
26 100.9 4151 14 88 96 2 740 
26 100.9 5185 14 76 89 2 740 
26 100.9 6226 14 61 83 2 740 
26 95.3 6226 14 61 78 3 540 
27 95 5185 14 66 82 3 540 
27 94.9 4151 14 72 87 3 540 
27 94.9 3113 14 78 91 3 540 
27 97 3113 14 84 93 4 640 
28 97.3 4151 14 77 90 4 640 
28 97.5 5185 14 68 85 4 640 
28 97.5 6226 14 63 80 4 640 
28 98.4 6226 14 65 82 5 700 
28 98.4 5185 14 71 88 5 700 
28 98.4 4151 14 81 92 5 700 
28 98.4 3113 14 87 96 5 700 
HEIGHT WATER EL<l'l STEAM ELOV AIR ELOV V.HoT.C. 
M ro/S ro/S ro/S vl/MM 3/C 
0.5 0.392238 0.0567494 0 89140 
0.523026 0.0694378 0 103188 
0.65331 0.0706903 0 97673.3 
0.784476 0.0699989 0 88710.1 
0.784476 0.0716652 0.000462521 98083.5 
0.65331 0.0703494 0.000461748 95912.1 
0.523026 0.0701143 0.000461748 94442.2 
0.392238 0.139812 0.000461748 84462.5 
0.392238 0.241856 0.00102797 78764.4 
0.523026 0.0692289 0.00102797 94111.5 
0.65331 0.0686351 0.00102797 92799.2 
0.784476 0.061395 0.00102797 76715.1 
0.784476 0.0643429 0.00727116 84984.9 
0.65331 0.0610131 0.00725905 79623.1 
0.523026 0.057924 0.00725905 72208.4 
0.392238 0.0538565 0.00725905 61270.9 
0.392238 0.0551277 0.00410502 68675.3 
0.523026 0.0608308 0.0040982 78367.2 
0.65331 0.0619063 0.0040982 79912.2 
0.784476 0.0657392 0.0040982 86773.1 
0.784476 0.067294 0.00181175 89617.1 
0.65331 0.0638539 0.00181175 83752.9 
0.523026 0.061972 0.00181175 84339.2 
0.392238 0.0557371 0.00181175 70676.4 
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1\I>I3IENT S'lEAM WATER WATER WATER GAS IDlZLE VlaJUM 
TEMP TEMP FLGI'RATE TEMP m TEMP OOT TEMP OOT WM3ER mESS. 
C C Ibjhr C C C nm Hg 
27 101.4 3113 14 99.7 99.7 0 755 
27 101.8 4151 .14 93 96 0 755 
27 102 5185 14 79 88 0 755 
27 101.8 6226 14 70 78 0 755 
27 101.3 6226 14 69 77 1 750 
27 101.2 5185 14 78 87 1 750 
27 101.1 4151 14 91 95 1 750 
27 101.3 3113 14 99 99.7 1 750 
27 101.2 3113 14 96 99.7 2 738 
27 101.5 4151 14 90 95 2 738 
27 101.6 5185 14 78 87 2 738 
27 101.3 6226 14 70 80 2 738 
27 98.2 6226 14 65 78 3 530 
27 97.8 5185 14 70 83 3 530 
27 97.7 4151 14 78 89 3 530 
27 97.8 3113 14 84 93 3 530 
27 99.1 3113 14 88 .95 4 640 
28 99.2 4151 14 81 90 4 640 
28 99.2 5185 14 73 85 4 640 
28 99 6226 14 66 79 4 640 
28 99.7 6226 14 67 78 5 700 
28 99.5 5185 14 72 85 5 700 
28 99.4 4151 14 84 92 5 700 
28 99.6 3113 14 92 97 5 700 
HEIGHT \'lATER aO'l STEAM aO'l AIR aO'l V.H. T.C. 
[1 W:;/S W:;/S w:;/S W[1M 3/C 
0.65 0.392238 0.056761 0 69866 
0.523026 0.0694331 0 82289.9 
0.65331 0.070676 0 78421.6 
0.784476 0.0726839 0 81646.7 
0.784476 0.0715637 0.000460978 80555.1 
0.65331 0.0700501 0.000460978 77803.1 
0.523026 0.069D29 0.000460978 79835.9 
0.392238 0.141055 0.000460978 68921.7 
0.392238 0.242924 0.00102626 64379.7 
0.523026 0.0700519 0.00102626 77569.3 
0.65331 0.0706085 0.00102626 77492.7 
0.784476 0.0732715 0.00102626 80394.2 
0.784476 0.0695605 0.00725905 73073.9 
0.65331 0.065799 0.00725905 67329.6 
0.523026 0.0650768 0.00725905 63316.9 
0.392238 0.0621081 0.00725905 53224.7 
0.392238 0.0622149 0.00410502 56831 
0.523026 0.064399 0.0040982 66755.4 
0.65331 0.0674581 0.0040982 70770.1 
0.784476 0.0695236 0.0040982 73927.6 
0.784476 0.0696032 0.00181175 76397.2 
0.65331 0.0643964 0.00181175 68585.2 
0.523026 0.0646754 0.00181175 70456 .8 
0.392238 0.0621462 0.00181175 61034.8 
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l\M3IENl' STEAM WATER WATER WATER GAS WZZLE V!aJUM 
TEMP TEMP ELClVRATE TEMP IN TEMP CXJT TEMP CXJT wz,IBER FRESS. 
C C 1b/hr C C C DIn Hg 
25 99.8 3113 14.2 98.3 99 0 755 
26 100.4 4151 14.2 91 93 0 755 
26 100.8 5185 14.2 78 B3 0 755 
26 101.1 6226 14.2 68 74 0 755 
26 100.9 6226 14.2 68 74 1 748 
26 100.8 5185 14.2 77 82 1 750 
26 100.7 4151 14.2 90 93 1 750 
26 100.9 3113 14.2 99 99.7 1 750 
26 100.9 3113 14.2 97.4 99.5 2 740 
26 101.2 4151 14.2 90 93 2 740 
26 101.3 5185 14.2 78 83 2 740 
26 101.1 6226 14.2 68 73 2 740 
26 98 6226 14.2 65 73 3 535 
26 97.7 5185 14.2 71 80 3 535 
26 97.3 4151 14.2 78 86 3 535 
26 97.5 3113 14.2 86 92 3 535 
27 98.8 3113 14.2 90 94 4 640 
27 99 4151 14.2 82 89 4 645 
27 99 5185 14.2 74 82 4 645 
27 98.9 6226 14.2 66 74 4 645 
27 99.6 6226 14.2 67 75 5 700 
27 99.5 5185 14.2 75 82 5 700 
27 99.5 4151 14.2 86 90 5 700 
27 99.6 3113 14.2 94 97 5 700 
HEIGHT vlATER FLClV STEA/1 FLCW AIR FL(}l V.B. T.C. 
[.1 ID/S ID/S ID/S W/I1M 3/C 
0.8 0.392238 0.0557089 0 56901.8 
0.523026 0.0674719 0 67464.4 
0.65331 0.0693805 0 66819.2 
0.784476 0.0697677 0 66267.8 
0.784476 0.0699402 0.000461748 66412.7 
0.65331 0.0685449 0.000461748 65732.2 
0.523026 0.0675597 0.000461748 65582.8 
0.392238 0.141079 0.000461748 56769.9 
0.392238 0.115667 0.00102797 54748.7 
0.523026 0.0687941 0.00102797 65230.9 
0.65331 0.0700787 0.00102797 66471.3 
0.784476 0.0701066 0.00102797 66997.1 
0.784476 0.0682875 0.00727116 63222.5 
0.65331 0.0656075 0.00727116 58667.8 
0.523026 0.0624041 0.00727116 53826 
0.392238 0.0609998 0.00727116 46604.2 
0.392238 0.0608978 0.00410502 49709.1 
0.523026 0.0644826 0.00410502 56906.1 
0.65331 0.0675856 0.00410502 61676.2 
0.784476 0.0686369 0.00410502 63869.3 
0.784476 0.0691826 0.00181476 64646 .3 
0.65331 0.0672141 0.00181476 63073.1 
0.523026 0.0655104 0.00181476 62097.4 
0.392238 0.0634232 0.00181476 52576.3 
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AmIENT STEl\M WATER WATER WATER GAS NJZZLE VIDJUM 
TEMP TEMP ELCl'I'RATE TEMP m TEMP OOT TEMP OOT W~BER mESS. 
c c 1b/hr ·c C C nm Hg 
24 98 6226 14 42 52 0 160 
24 98 5188 14 44 58 0 160 
24 98 4151 14 52 69 0 160 
24 98 3113 14 61 78 0 160 
24 98 3113 14 62 79 1 160 
24 98 4151 14 53 70 1 160 
24 98 5188 14 46 60 1 160 
24 98 6226 14 42 53 1 160 
24 97 6226 14 43 56 2 155 
24 97 5188 14 44 59 2 150 
24 97 4151 14 52 70 2 150 
24 97 3113 14 61 78 2 150 
24 96 3113 14 60 77 5 145 
24 96 4151 14 51 69 5 145 
24 96 5188 14 45 61 5 145 
24 96 6226 14 42 57 5 145 
24 95 6226 14 41 56 4 140 
24 94.5 5188 14 43 60 4 140 
24 94.5 4151 14 49 69 4 140 
24 94.5 3113 14 58 76 4 140 
24 93 3113 14 56 75 3 135 
24 93 4151 14 48 68 3 135 
24 93 5188 14 43 61 3 135 
24 92.5 6226 14 40 58 3 135 
HEIGHT ~IATER. ELCl'I' Sl'EN! ELCl'I' AIR ELm V.H.T.C. 
M Fl3/S Fl3/S KG/S W/I1M 3/C 
0.35 0.784476 0.035762 0 72855.8 
0.653688 0.0319705 0 62473.1 
0.523026 0.0325735 0 61760.8 
0.392238 0.0303954 0 57630.9 
0.392238 0.0312595 0.000386149 58902.8 
0.523026 0.0335573 0.000386149 63433.6 
0.653688 0.034201 0.000386149 66730.7 
0.784476 0.0357953 0.000386149 72093 
0.784476 0.0371792 0.000849959 73933.4 
0.653688 0.032l019 0.000839892 62474 
0.523026 0.0328225 0.000839892 61763.8 
0.392238 0.0308128 0.000839892 58212.7 
0.392238 0.0304133 0.00146675 57512.4 
0.523026 0.032l095 0.00146675 60699.3 
0.653688 0.0333222 0.00146675 64597.3 
0.784476 0.0359781 0.00146675 70598.7 
0.784476 0.0348835 0.00327448 68750.6 
0.653688 0.0314186 0.00327448 60667.1 
0.523026 0.0308445 0.00327448 57067.9 
0.392238 0.0298059 0.00327448 55230.6 
0.392238 0.0293445 0.0057109 52937.4 
0.523026 0.0305273 0.0057109 56255.8 
0.653688 0.0318517 0.0057109 60993 
0.784476 0.0339954 0.0057109 65821.2 
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l'mIENT STEAM WATER WATER WATER GAS N.1lZLE VJICUUM 
TEMP TEMP EL<llRATE TEMP IN TEMP OOT TEMP OOT tlJM3ER mESS. 
C C 1bjhr C C C mn H9 
28 98 6226 14 42 40 0 160 
28 98 5188 14 46 47 0 160 
28 98 4151 14 52 60 0 160 
28 98 3113 14 64 70 0 160 
28 98 3113 14 67 73 1 160 
28 98 4151 14 54 64 1 160 
28 98 5188 14 46 51 1 160 
28 98 6226 14 44 44 1 160 
28 97 6226 14 43 46 2 155 
28 97 5188 14 45 51 2 155 
28 97 4151 14 52 63 2 155 
28 97 3113 14 63 71 2 155 
28 96 3113 14 63 72 5 150 
28 96 4151 14 52 63 5 150 
28 96 5188 14 45 52 5 150 
28 96 6226 14 43 47 5 150 
28 94 6226 14 43 47 4 145 
28 94 5188 14 45 51 4 145 
28 94 4151 14 51 61 4 145 
28 94 3113 14 62 70 4 145 
28 93 3113 14 61 69 3 135 
28 93 4151 14 52 61 3 135 
28 92.5 5188 14 45 52 3 135 
28 92.5 6226 14 42 48 3 135 
HEIGHT \',ATER FL<lV STEAI1 FL<lV AIR FLUI V.H.T.C. 
H &>/S &>/s KG/S W/H~~3/C 
0.5 0.784476 0.035762 0 59900.8 
0.653688 0.034147 0 55176.9 
0.523026 0.0325735 0 48629.7 
0.392238 0.0324004 0 49446.2 
0.392238 0.0345404 0.000383577 52522.9 
0.523026 0.0344033 0.000383577 50170.2 
0.653688 0.0341755 0.000383577 52700 
0.784476 0.0383829 0.000383577 62736.8 
0.784476 0.0371303 0.000844299 59191.2 
0.653688 0.0331429 0.000844299 51015.8 
0.523026 0.0327395 0.000844299 47596.2 
0.392238 0.0319966 0.000844299 47895.6 
0.392238 0.0322308 0.00147532 47896 
0.523026 0.0328696 0.00147532 48107 
0.653688 0.0332211 0.00147532 51013.6 
0.784476 0.0371934 0.00147532 59187.5 
0.784476 0.0373447 0.00329571 60592.8 
0.653688 0.0333956 0.00329571 52791.8 
0.523026 0.0322773 0.00329571 48372.2 
0.392238 0.0320417· 0.00329571 48490.1 
0.392238 0.0319426 0.00567287 48009.2 
0.523026 0.0335408 0.00567287 50854.2 
0.653688 0.0336449 0.00567287 53107.2 
0.784476 0.0362371 0.00567287 58124.3 
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AIflIENl' S'lWIM WATER WATER WATER GA'l IDZZLE Vl\CUUM 
TEMP TEMP ELQtlRATE TEMP IN TEMP OOT TEMP OOT WM3Ell. mESS. 
c c 1b/hr. c c c om Hg 
25 98 6226 14 46 45 0 160 
25 98 5188 14 49 45 0 160 
25 98 4151 14 55 53 0 160 
25 98 3113 14 67 65 0 160 
25 97.5 3113 14 67 66 1 155 
25 97.5 4151 14 56 56 1 155 
25 97.5 5188 14 47 43 1 155 
25 97.5 6226 14 43 37 1 155 
25 96.5 6226 14 43 35 2 150 
25 96.5 5188 14 47 41 2 150 
25 96.5 4151 14 54 53 2 150 
25 96.5 3113 14 64 63 2 150 
25 95 3113 14 64 64 5 150 
25 95 . 4151 14 53 52 5 150 
25 95.5 5188 14 46 43 5 150 
25 95.5 6226 14 43 39 5 150 
25 94.5 6226 14 43 40 4 140 
25 94 5188 14 46 43 4 140 
25 94 4151 14 52 52 4 140 
25 94 3113 14 63 63 4 140 
25 93 3113 14 62 62 3 135 
25 93 4151 14 52 53 3 135 
25 93 5188 14 45 44 3 135 
25 92 6226 14 43 40 3 135 
HEIGHT 1'lATER ELm STEAI-I ELCNl AIR ELm V.H.T.C. 
M n;/s w::;/s I<G/S Il/HAA3/C 
0.65 0.784476 0.040979 0 52969.7 
0.653688 0.0374225 0 50186.5 
0.523026 0.0352152 0 46074.5 
0.392238 0.0344135 0 45025.6 
0.392238 0.0345042 0.000381148 44753.1 
0.523026 0.0361508 0.000381148 46380 .8 
0.653688 0.0352633 0.000381148 47552.1 
0.784476 0.0370828 0.000381148 51307.1 
0.784476 0.0371113 0.000838483 53367.8 
0.653688 0.0352981 0.000838483 49412.5 
0.523026 0.0344404 0.000838483 45192.8 
0.392238 0.0325763 0.000838483 42650.1 
0.392238 0.0327372 0.00148272 42910.1 
0.523026 0.0336401 0.00148272 44854.3 
0.653688 0.0342602 0.00148272 46660.8 
0.784476 0.0371615 0.00148272 51298.5 
0.784476 0.0372417 0.00326899 51300.9 
0.653688 0.0343645 0.00326899 47569.9 
0.523026 0.0329269 0.00326899 43680 .8 
0.392238 0.0323785 0.00326899 42557 
0.392238 0.0320879 0.00570132 42199.8 
0.523026 0.033184 0.00570132 43690.1 
0.653688 0.0334133 0.00570132 45470 
0.784476 0.0373773 0.00570132 53005.2 
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AKlIENr S'lEAM WATER WATER WATER GAS IDZZLE VlIalUM 
TEMP TmP EI.O'lPATE TEMP IN TEMP OOT m.lP OOT NJM3m mESS. 
e e ·lb/hr c c C nm Hg 
25 98 6226 14 43 38 0 160 
25 98 5188 14 48 43 0 160 
25 98 4151 14 56 53 0 160 
25 98 3113 14 67 63 0 160 
25 97 3113 14 67 65 1 160 
25 97 4151 14 57 54 1 160 
25 97 5188 14 49 46 1 160 
25 97 6226 14 44 40 1 155 
25 96 6226 14 44 42 2 150 
25 96.5 5188 14 50 47 2 150 
25 96.5 4151 14 55 54 2 150 
25 96.5 3113 14 67 64 2 150 
25 95 3113 14 68 65 5 150 
25 95 4151 14 55 53 5 150 
25 95 5188 14 47 44 5 150 
25 95 6226 14 44 42 5 150 
25 94 6226 14 43 . 43 4 145 
25 94 5188 14 46 43 4 140 
25 94 4151 14 54 51 4 140 
25 93 3113 14 65 62 4 140 
25 92 3113 14 63 62 3 135 
25 92 4151 14 53 50 3 135 
25 92 5188 14 46 43 3 135 
25 92 6226 14 43 45 3 135 
HEIGHT I1ATER EI.G-I STEAN EI.0'l AIR EI.0'l V.H. T.e. 
N KG/S KG/S KG/S W/N~A3/e 
0.8 0.784476 0.0370637 0 41295.9 
0.653688 0.0363292 0 40477.5 
0.523026 0.0360982 0 39227 
0.392238 0.0344135 0 37863.8 
0.392238 0.0345117 0.000385501 37394.2 
0.523026 0.0370427 0.000385501 40686.7 
0.653688 0.0374665 0.000385501 41170.6 
0.784476 0.0384028 0.000381148 42743.8 
0.784476 0.0384467 0.000838483 42205.6 
0.653688 0.0386012 0.000838483 42640.8 
0.523026 0.0353285 0.000838483 38029.7 
0.392238 0.0346012 0.000838483 38100.3 
0.392238 0.0354469 0.00148272 39588.8 
0.523026 0.035415 0.00148272 39228.5 
0.653688 0.0353702 0.00148272 . 39754.7 
0.784476 0.0384949 0.00148272 42736.8 
0.784476 0.0372906 0.00331223 40771.7 
0.653688 0.0343645 0.00326899 39027.7 
0.523026 0.0346726 0.00326899 39243 .7 
0.392238 0.0337096 0.00326899 38297.4 
0.392238 0.0327821 0.00570132 36279.5 
0.523026 0.0339917 0.00570132 39258.4 
0.653688 0.0345088 0.00570132 40068.2 
0.784476 0.0374821 0.00570132 40771.5 
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AffiIENT S'mAM WATER WATER WATER GAS raZLE V1\CUUM 
TEMP TEMP FLG'lRATE TEMP IN 'ImP OOT 'ImP OOT Wl£ER mESS. 
C C 1b/hr C C C nm Hg 
26 99 6226 13 57 73 0 650 
26 99 5188 13 64 78 0 650 
26 99.5 4151 13 78 86 0 650 
26 99 3113 13 96 95 0 650 
26 99 3113 13 94 95 1 640 
26 99 4151 13 81 88 1 640 
26 99 5188 13 69 80 1 640 
26 99 6226 13 63 77 1 640 
26 98 6226 13 63 76 2 640 
26 98 5188 13 67 79 2 640 
26 98 4151 13 76 85 2 640 
26 98 3113 13 87 92 2 640 
26 97.5 3113 13 82 90 5 630 
26 105 4151 13 74 84 5 630 
26 106 5188 13 66 79 5 630 
26 105 6226 13 61 76 5 630 
26 105.5 6226 13 60 75 4 650 
26 105 5188 13 66 79 4 650 
26 106 4151 13 71 83 4 650 
26 106 3113 13 78 88 4 640 
26 104 3113 13 75 87 3 600 
26 104.5 4151 13 69 82 3 610 
26 105 5188 13 63 77 3 610 
26 104 6226 13 59 74 3 610 
HEIGHT HATER FLQJ STEA!1 FLOV AIR FLCl'l V.H. T.e. 
/<! l'n/S l'n/S l'n/S l'7/1·IM 3/C 
0.35 0.784476 0.0567211 0 106577 
0.653688 0.0550403 0 105487 
0.523026 0.056639 0 114915 
0.392238 0.0549239 0 123840 
0.392238 0.0550476 0.000461748 117927 
0.523026 0.0599182 0.000461748 122408 
0.653688 0.060893 0.000461748 119820 
0.784476 0.0649166 0.000461748 124035 
0.784476 0.0651771 0.00102797 126558 
0.653688 0.0589578 0.00102797 115380 
0.523026 0.0557421 0.00102797 111819 
0.392238 0.0506474 0.00102797 103648 
0.392238 0.0478854 0.00181779 93724.1 
0.523026 0.0542052 0.00181779 99758.8 
0.653688 0.0579283 0.00181779 103689 
0.784476 0.0625324 0.00181779 111250 
0.784476 0.0619991 0.00411187 108401 
0.653688 0.0591292 0.00411187 104708 
0.523026 0.0529618 0.00411187 92025.8 
0.392238 0.0469527 0.00411187 79255.5 
0.392238 0.0477299 0.00727116 75495.4 
0.523026 0.0530207 0.00727116 89203.2 
0.653688 0.0568805 0.00727116 97710.6 
0.784476 0.0617422 0.00727116 107551 
147 
AmIENT S'mIIM WATER WATER WATER GAS NJZZLE V1lCUUM 
TEMP TEMP ELCHRATE TEMP IN TEMP ooT TEMP ooT NUM3ER FRESS. 
C C 1b/hr C C C Inn Hg 
27 99 3113 15 96 91 0 650 
27 99 4151 15 84 80 0 650 
27 99 5188 15 71 70 0 650 
27 99 6226 15 66 65 0 650 
27 99 6226 15 65 64 1 640 
27 99 5188 15 70 70 1 640 
27 99 4151 15 79 77 1 640 
27 99 3113 15 94 89 1 640 
27 98 6226 15 65 63 2 640 
27 98 5188 15 69 68 2 640 
27 98 4151 15 79 75 2 640 
27 102 3113 15 96 94 2 640 
27 98 3113 15 92 88 5 640 
27 98 4151 15 80 78 5 640 
27 98 5188 15 71 71 5 640 
27 98 6226 15 63 64 5 640 
27 97 6226 15 64 65 4 650 
27 97 5188 15 68 69 4 655 
27 103 4151 15 77 74 4 655 
27 105 3113 15 87 85 4 655 
27 105 3113 15 84 83 3 600 
27 104 4151 15 78 75 3 600 
27 102 5188 15 68 68 3 600 
27 105 6226 15 64 65 3 600 
HEIGHT HATER ELCH STEAH ELQ'l AIR ELCKl V.H. T.e. 
11 Fl3/S Fl3/S Fl3/S \"J/H~A3/C 
0.5 0.392238 0.0536005 0 93264 
0.523026 0.0603893 0 103763 
0.653688 0.0607207 0 100561 
0.784476 0.0661411 0 109538 
0.784476 0.0648845 0.000460978 107324 
0.653688 0.0597207 0.000460978 97529.9 
0.523026 0.0560261 0.000460978 93586 
0.392238 0.0527922 0.000460978 90845.5 
0.784476 0.0650191 0.00102626 109965 
0.653688 0.0587556 0.00102626 98019.9 
0.523026 0.0562519 0.00102626 97135 
0.392238 0.0562236 0.00102626 86739.5 
0.392238 0.0529127 0.00181476 88436.3 
0.523026 0.0576301 0.00181476 96293.7 
0.653688 0.0612857 0.00181476 100571 
0.784476 0.0624975 0.00181476 101669 
0.784476 0.0643466 0.00410502 105118 
0.653688 0.0584685 0.00410502 95004.8 
0.523026 0.0553082 0.00410502 87439.9 
0.392238 0.0506017 0.00410502 74107.9 
0.392238 0.0501892 0.00725905 70136.6 
0.523026 0.0574722 0.00725905 87935.2 
0.653688 0.0589434 0.00725905 90734.7 
0.784476 0.0645998 0.00725905 96015.3 
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AmIENT STEAM WATER WATER WATER GAS rozZLE VlaJUM 
TEMP TE!<IP FL<lffiATE TEl-IP IN TEMP CUT TEMP CUT MJ!.l3m mESS. 
c c 1b/hr C C C nrn Hg 
24 99 6226 15 65 59 0 650 
24 99 5188 15 71 66 0 650 
24 99 4151 15 82 71 0 650 
24 99 3113 15 98 89 0 650 
24 99 3113 15 98 90 1 650 
24 98.5 4151 15 84 75 1 650 
24 98.5 5188 15 70 68 1 650 
24 98.5 6226 15 66 61 1 650 
24 98 6226 15 64 60 2 645 
24 98 5188 15 70 66 2 645 
24 98 4151 15 81 73 2 645 
24 98 3113 15 95 88 2 645 
24 101 3113 15 94 86 5 640 
24 103 4151 15 83 74 5 640 
24 104 5188 15 71 67 5 640 
24 104 6226 15 65 60 5 640 
24 104 6226 15 64 61 4 650 
24 103 5188 15 70 67 4 650 
24 104.5 4151 15 80 72 4 650 
24 104.5 3113 15 88 82 4 650 
24 102 3113 15 87 83 3 590 
24 104 4151 15 78 73 3 590 
24 104 5188 15 69 65 3 590 
24 103.5 6226 15 62 63 3 595 
HEIGHT \'lATER ELm STEAH EL<l'1 AIR ELQ'I V.H.T.C. 
1-\ FJ3/S FJ3/S 1«;/5 l1/i·t~3/C 
0.65 0.784476 0.0648008 0 89202.8 
0.653688 0.0607207 0 82528.2 
0.523026 0.0585595 0 86132.5 
0.392238 0.0549991 0 78738.5 
0.392238 0.0556646 0.000463298 77709.4 
0.523026 0.0605857 0.000463298 87035.5 
0.653688 0.0597259 0.000463298 78514.5 
0.784476 0.0662323 0.000463298 90465.7 
0.784476 0.0636489 0.00103142 86251.3 
0.653688 0.0598503 0.00103142 80998.8 
0.523026 0.0580266 0.00103142 82529.5 
0.392238 0.0541114 0.00103142 74745.6 
0.392238 0.0538194 0.0018239 71910.4 
0.523026 0.0599559 0.0018239 80895.3 
0.653688 0.0609172 0.0018239 76769.3 
0.784476 0.0648353 0.0018239 82900 
0.784476 0.0638575 0.00412568 79318.4 
0.653688 0.0603426 0.00412568 75359.3 
0.523026 0.0577886 0.00412568 74843 
0.392238 0.0505205 0.00412568 61883 
0.392238 0.0523757 0.00729558 61383 .4 
0.523026 0.0571261 0.00729558 70319.1 
0.653688 0.0596785 0.00729558 73975.4 
0.784476 0.0618367 0.00729558 73031 
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AmIENl' S'lElIM WATER WATER WATER GAS IDZZLE VlaJUl.l 
IDIP mIP FLCHRATE TEMP IN TEMP OOT TEMP OOT lUmER mESS. 
C C Ib/hr C C C nm Hg 
26 99 4151 15 76 65 0 650 
26 99 4151 15 76 64 1 650 
26 98 4151 15 75 64 2 640 
26 97.5 4151 15 75 64 5 640 
26 102 4151 15 74 65 4 650 
26 101 4151 15 71 65 3 600 
26 99 51.88 15 70 62 0 650 
26 98.5 5188 15 70 62 1 650 
26 98 - 5188 15 69 62 2 645 
26 97.5 5188 15 69 62 5 640 
26 105 5188 15 67 62 4 650 
26 105 5188 15 66 61 3 590 
HEIGHT vlATER FLCl-l STEAM FLCl-l AIRFLClV V.H.T.C. 
M ~/S ~/S ~/S W/MM 3/C 
0.8 0.523026 0.0530997 0 64077.1 
0.523026 0.0531835 0.000461748 64970.7 
0.523026 0.0524162 0.00102797 63858.8 
0.523026 0.0525778 0.00181779 64307.3 
0.523026 0.0519785 0.00411187 57978.8 
0.523026 0.0499224 0.00727116 53563.7 
0.653688 0.0595963 0 69077.9 
0.653688 0.0596899 0.000461748 69534.2 
0.653688 0.0586767 0.00102797 67774.9 
0.653688 0.0588227 0.00181779 68224.8 
0.653688 0.0566521 0.00411187 58350.7 
0.653688 0.0559597 0.00727116 57210 
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AmIENT STEIIM WATER WATER WATER GAS rozZLE Vl\CUUM 
TEMP TEMP ff..Cl'lRATE TEMP m TEMP aJT TEMP aJT wmm mESS. 
C C 1b/hr C C C nm Hg 
26 99 6226 l3 67 78 0 740 
26 100 5188 l3 74 83 0 750 
26 99 4151 13 84 89 0 750 
26 99 3113 13 99 97 0 750 
26 99 3113 l3 95 95 1 750 
26 99 4151 l3 86 91 1 750 
26 99 5188 13 76 84 1 750 
26 99 6226 l3 68 79 1 750 
26 98.5 6226 l3 66 79 2 740 
26 99 5188 13 74 82 2 740 
26 103 4151 l3 82 89 2 740 
26 102 3113 l3 91 94 2 740 
26 98.5 3113 13 86 91 5 690 
26 98.5 4151 l3 79 87 5 695 
26 103 5188 13 72 82 5 695 
26 102 6226 l3 67 79 5 695 
26 104 6226 l3 65 77 4 630 
26 104 5188 l3 68 80 4 630 
26 102 4151 l3 74 85 4 635 
26 104 3113 l3 82 90 4 635 
26 104 3113 l3 78 88 3 550 
26 104 4151 l3 73 84 3 550 
26 102.5 5188 l3 67 80 3 550 
26 105 6226 l3 62 76 3 550 
HEIGHT WATER FLCl'l STEAl'1 ff..CH AIR ff..CNl V.H.T.C. 
N w::;js w::;jS KGjs W/H~~3jC 
0.35 0.784476 0.0700787 0 l38463 
0.653688 0.0662311 0 l32330 
0.523026 0.0621397 0 l3 0 872 
0.392238 0.057026 0 l30110 
0.392238 0.0557455 0.000461748 120854 
0.523026 0.0647332 . 0.0004617 48 l34751 
0.653688 0.0688952 0.000461748 l39756 
0.784476 0.0716593 0.000461748 141129 
0.784476 0.0692812 0.00102797 l33748 
0.653688 0.0669396 0.00102797 135148 
0.523026 0.0614512 0.00102797 119245 
0.392238 0.054072 0.00102797 107234 
0.392238 0.0509734 0.00181779 101639 
0.523026 0.0594466 0.00181779 118032 
0.653688 0.0650161 0.00181779 122793 
0.784476 0.070861 0.00181779 l33066 
0.784476 0.0689627 0.00411187 125558 
0.653688 0.0615702 0.00411187 110899 
0.523026 0.0563725 0.00411187 101762 
0.392238 0.0509733 0.00411187 87736.4 
0.392238 0.0505977 0.00727116 80877.4 
0.523026 0.0575132 0.00727116 98170 
0.653688 0.0622462 0.00727116 109377 
0.784476 0.066073 0.00727116 114812 
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Al13IENT STEAM WATER WATER WATER GAS NJZZLE waJUM 
TEMP 'IDIP FL<l'1RATE TEMP IN TEMP OOT TEMP OOT tuBER mESS. 
c c Ibjhr C C C nm Hg 
27 104 6226 15 71 69 0 760 
27 104 5188 15 76 74 0 760 
27 99 4151 15 86 80 0 760 
27 99 3113 15 99 96 0 760 
27 99 3113 15 98 95 1 760 
27 99 4151 15 92 85 1 760 
27 99 5188 15 77 76 1 755 
27 99 6226 15 72 71 1 755 
27 99 6226 15 72 71 2 740 
27 99 5188 15 75 73 2 740 
27 99 4151 15 84 81 2 740 
27 99 3113 15 97 94 2 740 
27 99 3113 15 95 91 5 700 
27 98 4151 15 88 80 5 705 
27 99 5188 15 74 73 5 705 
27 99 6226 15 70 71 5 705 
27 98 6226 15 69 69 4 630 
27 101 5188 15 73 72 4 630 
27 98 4151 15 83 78 4 630 
27 99 3113 15 90 87 4 630 
27 102.5 3113 15 89 85 3 550 
27 102.5 4151 15 82 79 3 550 
27 102.5 5188 15 73 72 3 550 
27 105 6226 15 66 67 3 550 
HEIGHT I'IATER FLQ-l STEA[·I FLCll AIR FL<l'1 V.H.T.C. 
r.! KG/S ro/s ro/s WM~~3/C 
0.5 0.784476 0.0726255 0 115207 
0.653688 0.0661421 0 104922 
0.523026 0.062224 0 109657 
0.392238 0.0556998 0 94523.8 
0.392238 0.0565169 o .000460978 93343.1 
0.523026 0.0681457 0.000460978 120969 
0.653688 0.0676864 0.000460978 111793 
0.784476 0.0743535 0.000460978 122925 
0.784476 0.0745165 0.00102626 122932 
0.653688 0.0655722 0.00102626 109366 
0.523026 0.061 0.00102626 102498 
0.392238 0.0570333 0.00102626 92166 
0.392238 0.0558755 0.00181476 90932.7 
0.523026 0.0651056 0.00181476 117430 
0.653688 0.0647023 0.00181476 106186 
0.784476 0.0720436 0.00181476 115682 
0.784476 0.0712575 0.00410502 116248 
0.653688 0.0641529 0.00410502 101918 
0.523026 0.0614527 0.00410502 104857 
0.392238 0.0536235 0.00410502 83950.2 
0.392238 0.0547102 0.00725905 80403.8 
0.523026 0.0621047 0.00725905 95418.7 
0.653688 0.0650562 0.00725905 100212 
0.784476 0.0674651 0.00725905 100069 
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A!£IENT STEAM WATER WATER WATER GAg rozZLE VllCUUM 
TEMP TEMP ff.OVRATE TEMP IN TEMP CXJT TEMP CXJT tmBm mESS. 
C C Ib/hr C C C nm Hg 
26 104 6226 15 70 64 0 755 
26 99 5188 15 76 71 0 760 
26 99 4151 15 85 76 0 760 
26 99 3113 15 99 97 0 760 
26 99 3113 15 99 96 1 755 
26 99 4151 15 91 80 1 755 
26 99 5188 15 77 72 1 755 
26 99 6226 15 71 66 1 755 
26 101 6226 15 70 64 2 740 
26 103 5188 15 75 71 2 740 
26 102.5 4151 15 86 76 2 740 
26 101 3113 15 97 92 2 740 
26 102 3113 15 96 89 5 710 
26 103 4151 15 87 80 5 710 
26 105 5188 15 74 71 5 710 
26 104 6226 15 69 66 5 710 
26 105 6226 15 69 65 4 630 
26 102.5 5188 15 72 68 4 630 
26 105 4151 15 84 76 4 630 
26 104.5 3113 15 93 86 4 630 
26 102.5 3113 15 89 84 3 550 
26 104 4151 15 82 75 3 550 
26 103 5188 15 72 68 3 550 
26 103 6226 15 65 65 3 550 
HEIGHT vlATER ff.OV STEAM ff.OV AIR ff.OV V.H.T.C. 
H w}/S w}/S W}/s w/r1M 3/C 
0.65 0.784476 0.0712809 0 92581.5 
0.653688 0.0663651 0 90199.7 
0.523026 0.061306 0 87767.7 
0.392238 0.0556998 0 72934.4 
0.392238 0.0576637 0.000461748 73841.2 
0.523026 0.0670866 0.000461748 98307.5 
0.653688 0.067641 0.000461748 91745 
0.784476 0.0729651 0.000461748 99044.4 
0.784476 0.0716101 0.00102797 96025.2 
0.653688 0.0653527 0.00102797 83437 
0.523026 0.0624942 0.00102797 86258.4 
0.392238 0.0561692 0.00102797 72014 
0.392238 0.0558018 0.00181779 71998.2 
0.523026 0.0639685 0.00181779 83767.9 
0.653688 0.0643649 0.00181779 79193.1 
0.784476 0.070311 0.00181779 87685.2 
0.784476 0.0706791 0.00411187 87716.4 
0.653688 0.0626669 0.00411187 79603.2 
0.523026 0.0618113 0.00411187 79185.9 
0.392238 0.05511 0.00411187 67155.8 
0.392238 0.0541873 0.00727116 63563.2 
0.523026 0.0611085 0.00727116 76813.7 
0.653688 0.0633867 0.00727116 79164.1 
0.784476 0.0660267 0.00727116 79168.6 
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AM3IENT STEl\M WATER WATER WATER GAS IDLZLE VlaJUM 
TEMP TEMP I!!.OVRATE TEm'IN TEm' OOT TEm' OOT tUBER mESS. ' 
C C Ib/hr C C C mn Hg 
24 99 6226 15 73 83 0 760 
24 99 5188 15 79 85 0 760 
24 99 4151 15 91 92 0 760 
24 99 3113 15 99 98 0 760 
24 99 3113 15 97 97 1 750 
24 99 4151 15 89 91 1 750 
24 99 5188 15 79 85 1 755 
24 99 6226 15 72 84 1 755 
24 98.5 6226 15 69 83 2 745 
24 98.5 5188 15 76 84 2 745 
24 98.5 4151 15 82 88 2 745 
24 98.5 3113 15 93 94 2 745 
24 98 3113 15 89 92 5 710 
24 97.5 4151 15 82 89 5 710 
24 104 5188 15 74 83 5 710 
24 100 6226 15 69 83 5 710 
24 102 6226 15 67 81 4 650 
24 98 5188 15 71 83 4 650 
24 102.5 4151 15 79 86 4 650 
24 101 3113 15 85 90 4 650 
24 102 3113 15 80 88 3 540 
24 102 4151 15 73 84 3 540 
24 102 5188 15 69 81 3 540 
24 101 6226 15 64 80 3 540 
HEIGHT ~IATER I!!.OV Sl'EA1.J I!!.OV I'UR 1!!.U'1 V.H.T.C. 
101 I~/S KG/S KG/S l'ljI1AA3/C 
0.35 0.784476 0.0755735 0 154085 
0.653688 0.06977 0 148575 
0.523026 0.0668328 0 150691 
0.392238 0.0556998 0 128616 
0.392238 0.0570337 0.000463298 123899 
0.523026 0.0657445 0.000463298 144834 
0.653688 0.0701594 0.000463298 148584 
0.784476 0.074576 0.000463298 148183 
0.784476 0.0709214 0.00103142 137947 
0.653688 0.0671789 0.00103142 139019 
0.523026 0.0597519 0.00103142 125413 
0.392238 0.0542752 0.00103142 116845 
0.392238 0.05222 0.0018239 108633 
0.523026 0.0609411 0.0018239 125411 
0.653688 0.065166 0.0018239 125486 
0.784476 0.0714068 0.0018239 135901 
0.784476 0.0697985 0.00412568 128186 
0.653688 0.0636628 0.00412568 122558 
0.523026 0.0595015 0.00412568 113369 
0.392238 0.051837 0.00412568 96963.7 
0.392238 0.0507453 0.00729558 86055.6 
0.523026 0.0558734 0.00729558 98736.8 
0.653688 0.0626897 0.00729558 113389 
0.784476 0.067383 0.00729558 119409 
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AM3IENl' STEAM WATER WATER WATER GAS WlZLE VIaJUM 
TEMP TEMP FLGlRATE TEMP IN TEMP OOT TEMP OOT NUM3ffi mESS. 
c c IbjhI: C C C nm Hg 
27 99 6226 15 73 69 0 750 
27 99 5188 15 76 74 0 755 
27 99 4151 15 89 82 0 755 
27 99 3113 15 98 94 0 755 
27 99 3113 15 98 94 1 750 
27 99 4151 15 90 81 1 750 
27 99 5188 15 80 76 1 750 
27 100 6226 15 72 69 1 750 
27 98 6226 15 72 70 2 735 
27 99 5188 15 75 74 2 735 
27 99 4151 15 89 81 2 735 
27 99 3113 15 96 93 2 735 
27 102 3113 15 95 91 5 700 
27 99 - 4151 15 90 82 5 700 
27 100 5188 15 86 75 5 700 
27 99 6226 15 72 71 5 700 
27 100 6226 15 71 69 4 645 
27 99 5188 15 76 73 4 645 
27 99 4151 15 86 80 4 645 
27 99 3113 15 91 88 4 645 
27 98 3113 15 89 86 3 545 
27 100 4151 15 84 80 3 545 
27 100 5188 15 76 72 3 540 
27 100 6226 15 68 68 3 540 
HEIGHT ~lATER FLGl STEAl>! FL<l"l AIR FLO'l V.H.T.C. 
11 K:/S K:/S ffi/S lV/11~~3/C 
0.5 0.784476 0.0755735 0 129853 
0.653688 0.0663651 0 111250 
0.523026 0.0649855 0 116011 
0.392238 0.0549991 0 94501.3 
0.392238 0.0562272 0.000460978 94509.9 
0.523026 0.0661828 0.000460978 120804 
0.653688 0.071096 0.000460978 121843 
0.784476 0.0742868 0.000460978 124440 
0.784476 0.0745477 0.00102626 125950 
0.653688 0.0655965 0.00102626 108048 
0.523026 0.0655962 0.00102626 117554 
0.392238 0.0558798 0.00102626 90980.2 
0.392238 0.0557652 0.00181476 87688.1 
0.523026 0.0670804 0.00181476 119238 
- 0.653688 0.0784043 0.00181476 144506 
0.784476 0.074744 0.00181476 122942 
0.784476 0.0738549 0.00410502 120747 
0.653688 0.0677213 0.00410502 112677 
0.523026 0.0644805 0.00410502 109722 
0.392238 0.0547864 0.00410502 85127.6 
0.392238 0.0554831 0.00725905 83843.7 
0.523026 0.0643358 0.00725905 102609 
0.653688 0.0685575 0.00725905 112733 
0.784476 0.0704929 0.00725905 111402 
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MBIENr S'lEAM WATER WATER WATER GAS IDZZLE VPaJUM 
TEMP TEMP JiLCl'lRATE TEMP IN TEMP ruT TEMP ruT tUBm mESS. 
e e Ib/hr e e e nm Hg 
26 99 6226 15 74 67 0 760 
26 99 5188 15 76 72 0 760 
26 99 4151 15 92 78 0 760 
26 99 3113 15 99 96 0 760 
26 99 3113 15 99 95 1 755 
26 99 4151 15 93 80 1 755 
26 99 5188 15 78 73 1 755 
26 99 6226 15 72 67 1 755 
26 99 6226 15 72 68 2 745 
26 105 5188 15 76 72 2 745 
26 103 4151 15 90 77 2 745 
26 103 3113 15 98 93 2 745 
26 105 3113 15 96 90 5 710 
26 101 4151 15 91 81 5 710 
26 104 5188 15 77 71 5 710 
26 105 6226 15 70 69 5 710 
26 105 6226 15 72 . 68 4 650 
26 105 5188 15 76 71 4 650 
26 103 4151 15 86 76 4 650 
26 99 3113 15 95 88 4 650 
26 102.5 3113 15 92 86 3 540 
26 103 4151 15 85 78 3 540 
26 104 5188 15 74 67 3 540 
26 103 6226 15 70 67 3 540 
HEIGHT WATER JiLGl STEAM JiLGl AIR JiLCl'l V.H. T.e. 
H FG/S FG/S FG/S \v/H~~3/e 
0.65 0.784476 0.0769282 0 107272 
0.653688 0.0663651 0 89072.2 
0.523026 0.0677583 0 103934 
0.392238 0.0556998 0 73834.9 
0.392238 0.0572202 0.000461748 74764.5 
0.523026 0.0689389 0.000461748 103878 
0.653688 0.068786 0.000461748 93287.7 
0.784476 0.0743226 0.000461748 100881 
0.784476 0.0744633 0.00102797 99625.2 
0.653688 0.0664125 0.00102797 82932.1 
0.523026 0.0661784 0.00102797 94416.3 
0.392238 0.0571304 0.00102797 71206 
0.392238 0.0559885 0.00181779 68602.4 
0.523026 0.0678222 0.00181779 94469.4 
0.653688 0.0677923 0.00181779 87393.7 
0.784476 0.0716878 0.00181779 86368.8 
0.784476 0.074884 0.00411187 92776.7 
0.653688 0.067274 0.00411187 83940.2 
0.523026 0.0637253 0.00411187 85750 
0.392238 0.0575761 0.00411187 73829 
0.392238 0.0574065 0.00727116 67091 
0.523026 0.0645596 0.00727116 81400.2 
0.653688 0.0654812 0.00727116 84060.2 
0.784476 0.0729252 0.00727116 90457.7 
4. 
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AmIENT 5TEl1M WATER WATER WATER GAS IDZZLE VllCUOM 
TFl<IP TEMP ELClVRATE TmP IN TEMP OOT TEl-IP OOT Wl£ER l'RFS5. 
C C 1bjhr C C C mu Hg 
24 101.9 3113 15 71 95 0 150 
24 101.9 4151 15 55 87 0 150 
24 101.9 5185 15 48 79 0 150 
24 101.9 6226 15 44 71 0 150 
24 101.6 6226 15 44 71 1 147 
24 101.6 5185 15 48 81 1 147 
24 101.6 4151 15 56 88 1 147 
24 101.6 3113 15 69 95 1 147 
24 101.6 3113 15 64 94 2 142 
24 101.7 4151 15 56 89 2 142 
24 101.7 5185 15 48 81 2 142 
24 101.7 6226 15 44 72 2 142 
24 97.3 6226 15 42 72 3 127 
24 97.2 5185 15 45 80 3 127 
24 97.2 4151 15 49 85 3 127 
24 97.2 3113 15 54 90 3 127 
24 99.3 3113 15 58 92 4 134 
24 99.3 4151 15 52 87 4 134 
25 99.4 5185 15 46 81 4 134 
25 99.3 6226 15 43 72 4 134 
25 100.5 6226 15 43 72 5 140 
25 100.4 5185 15 46 81 5 140 
25 100.4 4151 15 53 88 5 140 
25 100.6 3113 15 62 93 5 140 
HEIGHT v/ATER ELClV STEAl1 ELClV AIR ELGl V.Ho T.C. 
H &;/5 &;/5 KG/5 WH~~3/C 
0.25 0.392238 0.0363639 0 85062.6 
0.523026 0.0342674 0 74765.2 
0.65331 0.0351496 0 77340.3 
0.784476 0.0369929 0 84254.8 
0.784476 0.0371079 0.000374473 84480 .8 
0.65331 0.0353791 0.000374473 76246.3 
0.523026 0.0355797 0.000374473 76886.5 
0.392238 0.0362579 0.000374473 80689.9 
0.392238 0.0338678 0.000822999 70487.4 
0.523026 0.0361986 0.000822999 76194.2 
0.65331 0.0356432 0.000822999 76193.9 
0.784476 0.0372511 0.000822999 83680.5 
0.784476 0.0362269 0.00557749 79500.1 
0.65331 0.035061 0.00557749 70645.4 
0.523026 0.0337945 0.00557749 63738.4 
0.392238 0.0331344 0.00557749 55024.3 
0.392238 0.0338217 0.00322035 60759 
0.523026 0.0349808 0.00322035 68837.7 
0.65331 0.0349435 0.00321495 71686.5 
0.784476 0.0367475 0.00321495 81754.2 
0.784476 0.0361722 0.00144517 80880.6 
0.65331 0.0338679 0.00144517 71066.6 
0.523026 0.0341852 0.00144517 70071 
0.392238 0.0335718 0.00144517 67526.6 
-_ .. 
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AmIENr S'lElIM WATER WATER WATER GAS rozZLE VIaJUM 
TEMP TEMP ELCl'ffiATE TEMP IN TEMP OOT TEMP OOT lmSm IRESS. 
C C 1b/hr C C C mu Hg 
24 100.5 3113 14 68 91 0 145 
24 100.5 4151 14 54 80 0 145 
24 100.5 5185 14 47 69 0 145 
24 100.5 6226 14 41 59 0 145 
24 99.6 6226 14 40 59 1 142 
24 99.8 5185 14 45 68 1 142 
24 99.6 4151 14 52 78 1 142 
24 99.7 3113 14 65 90 1 142 
24 99.3 3113 14 64 89 2 140 
24 99.4 4151 14 52 79 2 140 
24 99.3 5185 14 46 70 2 140 
24 99.3 6226 14 41 60 2 140 
25 94.7 6226 14 40 62 3 128 
25 94.5 5185 14 44 69 3 128 
25 94.6 4151 14 48 76 3 128 
25 94.6 3113 14 54 83 3 128 
25 96.6 3113 14 57 86 4 132 
25 96.7 4151 14 50 78 4 132 
25 96.6 5185 14 45 69 4 132 
25 96.6 6226 14 40 61 4 132 
25 98 6226 14 40 60 5 137 
25 97.8 5185 14 44 68 5 137 
25 97.8 4151 14 51 79 5 137 
25 97.8 3113 14 61 87 5 137 
HEIGHT WATER ELm STEAM FLaT AIR ELm V.H.T.C. 
11 rols rolS rolS W/HAA3/c 
0.4 0.392238 0.0350276 0 58850.1 
0.523026 0.0342765 0 56052.5 
0.65331 0.0351588 0 59615 
0.784476 0.0344054 0 60570.5 
0.784476 0.0331771 0.000369679 58229.6 
0.65331 0.0330869 0.000369679 55773 
0.523026 0.0327134 0.000369679 53607.1 
0.392238 0.0335639 0.000369679 54869.2 
0.392238 0.0334139 0.000818619 53957.4 
0.523026 0.0329598 0.000818619 53230.9 
0.65331 0.0343188 0.000818619 57348.4 
0.784476 0.0345468 0.000818619 60685.2 
0.784476 0.0341356 0.00558522 59319.9 
0.65331 0.0334464 0.00558522 55642.8 
0.523026 0.0314208 0.00558522 49186.7 
0.392238 0.0297418 0.00558522 43181.2 
0.392238 0.0307191 0.0031964 45664.3 
0.523026 0.0323565 0.0031964 51147.5 
0.65331 0.0338798 0.0031964 56932 
0.784476 0.0336743 0.0031964 58796.5 
0.784476 0.0333645 0.00143335 58563.5 
0.65331 0.0322958 0.00143335 54436.1 
0.523026 0.0324297 0.00143335 52070.4 
0.392238 0.0318654 0.00143335 50847.3 
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AM3IEN1' S'mI\M WATER WATER WATER GAS IDlZLE VPaJUM 
TEMP TEMP H.<liRATE TEMP IN TEMP CllT TEMP CllT tml3ER m.ESS. 
C C 1b/hr C C C mn Hg 
33 99.3 3113 14 67 90 0 155 
33 99.4 4151 14 54 82 0 155 
33 99.4 5185 14 47 74 0 155 
33 99.3 6226 14 41 64 0 155 
33 98.8 6226 14 41 64 1 146 
33 98.8 5185 14 47 73 1 146 
33 98.8 4151 14 54 82 1 146 
33 . 98.9 3113 14 66 90 1 146 
33 98.4 3113 14 64 90 2 143 
33 98.5 4151 14 53 83 2 143 
33 98.7 5185 14 46 74 2 143 
33 98.5 6226 14 41 65 2 143 
33 94 6226 14 39 64 3 130 
33 94 5185 14 43 71 3 130. 
33 94 4151 14 48 78 3 130 
33 94 3113 14 55 83 3 130 
33 95.6 3113 14 57 85 4 138 
33 95.5 4151 14 49 79 4 138 
33 95.3 5185 14 45 73 4 138 
33 95.4 6226 14 39 64 4 138 
33 96.8 6226 14 41 65 5 141 
33 96.7 5185 14 45 72 5 141 
33 96.8 4151 14 51 80 5 141 
33 96.8 3113 14 60 87 5 141 
HEIGHT WATER ELOJ STEAI1 ELOT AIR ELOJ V.H.T.C. 
r·\ n>/S n>/s ffi/S II/llAA3/ C 
-----
0.5 0.392238 0.0343835 0 43651.5 
0.523026 0.0343016 0 41592.3 
0.65331 0.0351844 0 43042.3 
0.784476 0.0344326 0 43713.8 
0.784476 0.0345109 0.000368 43916.6 
0.65331 0.03532 0.000368 43663.9 
0.523026 0.034553 0.000368 41814.3 
0.392238 0.0342499 0.000368 42566.1 
0.392238 0.0335598 0.000812953 40321.7 
0.523026 0.0340134 0.000812953 40140.5 
0.65331 0.0343995 0.000812953 41603.4 
0.784476 0.0346087 0.000812953 43635.2 
0.784476 0.0329704 0.00554515 41704.9 
0.65331 0.0325595 0.00554515 39279 
0.523026 0.0317731 0.00554515 36323 
0.392238 0.0303883 0.00554515 33616.6 
0.392238 0.0304801 0.0032085 34776.5 
0.523026 0.0316295 0.0032085 36901.4 
0.65331 0.0341633 0.0032085 41530.6 
0.784476 0.0325098 0.0032085 41147.3 
0.784476 0.0347682 0.00143 44324.1 
0.65331 0.0335101 0.00143 41371.8 
0.523026 0.0325081 0.00143 38946.6 
0.392238 0.0312158 0.00143 37197.2 
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NBIENl' STEI\M WATm WATER WATm GAS rozZLE VlDJUM 
TEMP TEl-IP n.OiRATE TE1-IP IN TEMP OOT TE1-IP OOT tmBER IRESS. 
C C Ibjhr. C C C mu Hg 
33 98.8 3113 13.1 67 83 0 150 
33 99 4151 13.1 53 76 0 150 
33 99.1 5185 13.1 46 67 0 150 
33 99 6226 13.1 41 60 0 150 
33 98.7 6226 13.1 41 58 1 145 
33 98.7 5185 13.1 46 66 1 145 
33 98.7 4151 13.1 52 72 1 145 
33 98.9 3113 13.1 66 85 1 145 
33 98.4 3113 13.1 66 84 2 140 
33 98.4 4151 13.1 53 74 2 140 
33 98.4 5185 13.1 45 66 2 140 
33 98.2 6226 13.1 41 60 2 140 
33 93.9 6226 13.1 40 58 3 130 
33 93.7 5185 13.1 45 63 3 130 
33 93.6 4151 13.1 50 70 3 130 
33 93.7 3113 13.1 58 78 3 130 
33 95.8 3113 13.1 62 80 4 135 
33 95.8 4151 13.1 52 70 4 135 
33 95.7 5185 13.1 45 64 4 135 
33 95.6 6226 13.1 40 59 4 135 
33 96.9 6226 13.1 40 61 5 138 
33 96.8 5185 13.1 45 66 5 138 
33 96.8 4151 13.1 52 72 5 138 
33 96.9 3113 13.1 62 80 5 138 
HEIGHT viATER n.aq Sl'El\l1 n.m AIR n.cw V.H.T.C. 
M &;/S &;/S KG/S W/I1~~3/C 
0.65 0.392238 0.0349791 0 36924.2 
0.523026 0.0342022 0 33722.4 
0.65331 0.0350615 0 35186.4 
0.784476 0.0355874 0 36426.2 
0.784476 0.0356392 0.000367063 37243.4 
0.65331 0.0351469 0.000367063 35653.5 
0.523026 0.0334429 0.000367063 33883.7 
0.392238 0.0346134 0.000367063 35147.9 
0.392238 0.0349353 0.000806504 35660.1 
0.523026 0.0345017 0.000806504 34551 
0.65331 0.0341565 0.000806504 34321.2 
0.784476 0.035719 0.000806504 36707 
0.784476 0.0350921 0.00554515 37269.9 
0.65331 0.0350501 0.00554515 37006.2 
0.523026 0.0331893 0.00554515 33739.4 
0.392238 0.0316913 0.00554515 30928.3 
0.392238 0.0334452 0.00318174 33731.8 
0.523026 0.0342564 0.00318174 35538.7 
0.65331 0.0346322 0.00318174 35910.4 
0.784476 0.0347856 0.00318174 36274.8 
0.784476 0.0345495 0.00141843 35129.3 
0.65331 0.0343203 0.00141843 34841.8 
0.523026 0.0338107 0.00141843 34503.4 
0.392238 0.0324496 0.00141843 33358.4 
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Al£IENT STEAM WATER WATER WATER GAS N:lZZLE VJ\CUUM 
TEMP IDIP ELCl'lRATE TEMP IN TEMP OOT TEMP OOT ruI-BER mESS. 
C C 1bjhr C C C nm Hg 
31 99 3113 11.1 64 75 0 150 
31 99 4151 11.1 51 64 0 150 
31 99.2 5185 11.1 44 58 0 150 
31 99.2 6226 11 39 47 0 150 
31 98.8 6226 11 39 49 1 145 
31 98.8 5185 11 44 57 1 145 
31 98.8 4151 11.1 51 66 1 145 
31 99 3113 11 65 78 1 145 
31 98.5 3113 11 66 79 2 140 
31 98.5 4151 11 52 66 2 140 
31 98.5 5185 11 46 57 2 140 
31 98.3 6226 11 39 50 2 140 
31 93.5 6226 11 39 45 3 125 
31 93.5 5185 11 44 51 3 125 
31 93.6 4151 11 49 60 3 125 
31 94 3113 11 60 75 3 125 
31 96.1 3113 11 63 . 76 4 130 
31 96.1 4151 11 52 63 4 130 
31 95.9 5185 11 44 52 4 130 
31 95.6 6226 11 39 49 4 130 
31 97 6226 11 40 50 5 135 
31 96.9 5185 11 43 55 5 135 
31 97 4151 11 52 64 5 135 
31 97 3113 11 63 76 5 135 
HEIGHT ",ATER a.av STEAM a.av AIR a.Cl'1 V.H.T.C. 
H Fn/S Fn/S Fn/S W/I·:AA3/C 
0.8 0.392238 0.0342567 0 30512.9 
0.523026 0.0341568 0 29820.9 
0.65331 0.035013 0 30213.9 
0.784476 0.0356633 0 32662.5 
0.784476 0.035696 0.000368267 32127.9 
0.65331 0.0351706 0.000368267 30696.7 
0.523026 0.0342377 0.000368267 29299.6 
0.392238 0.0351662 0.000368267 30523 
0.392238 0.0360882 0.00080915 31265.1 
0.523026 0.0353013 0.00080915 30484.8 
0.65331 0.0374066 0.00080915 33362 
0.784476 0.0357401 0.00080915 31964.2 
0.784476 0.0360551 0.00547876 35498.4 
0.65331 0.0356686 0.00547876 34569.8 
0.523026 0.0333795 0.00547876 30580.8 
0.392238 0.0338441 0.00547876 28461.5 
0.392238 0.0350033 0.00314609 30228 
0.523026 0.0357283 0.00314609 32199.7 
0.65331 0.0354506 0.00314609 33306.2 
0.784476 0.0359511 0.00314609 33211.6 
0.784476 0.0371126 0.00141121 33917.5 
0.65331 0.0342254 0.00141121 30624.8 
0.523026 0.035426 0.00141121 31570.1 
0.392238 0.034273 0.00141121 29945.4 
· ------ - --------
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~BIENT STElIM WATER WATER WATER GAS IDZZLE waJUM 
TEMP TEMP FLClVRATE TEMP IN TEMP OOT TEMP OOT tUM3ER FRESS. 
C C Ibjhr C C C rnn Hg 
24 103.2 3113 15 97 99.7 0 650 
25 103.6 4151 15 84 99.7 0 650 
25 103.6 5185 15 72 95 0 650 
25 103.6 6226 15 64 90 0 650 
25 103.3 6226 15 63 90 1 640 
25 103.3 5185 15 72 95 1 640 
25 103.3 4151 15 84 99.5 1 640 
25 103.5 3113 15 95 99.7 1 640 
25 103.3 3113 15 88 99.7 2 630 
25 103.3 4151 15 80 99 2 630 
25 103.3 5185 15 70 95 2 630 
25 103.2 6226 15 64 90 2 630 
25 99.9 6226 15 57 87 3 575 
25 99.6 5185 15 60 90 3 575 
25 99.6 4151 15 65 94 3 575 
25 99.7 3113 15 68 96 3 575 
25 101.1 3113 15 74 98 4 635 
25 101.1 4151 15 69 95 4 635 
25 101.1 5185 15 63 92 4 635 
25 101 6226 15 60 87 4 635 
25 102 6226 15 61 88 5 650 
25 101.8 5185 15 67 93 5 650 
25 101.8 4151 15 74 97 5 650 
25 101.8 3113 15 80 99 5 650 
HEIGHT \IATER FLGI STEAM FLG'l ' AIR FL(}l V.H.T.C. 
H ~/S ~/S ~/S W/I1AA3/C 
0.25 0.392238 0.0541438 0 154681 
0.523026 0.0602016 0 149939 
0.65331 0.0616202 0 143433 
0.784476 0.0632678 0 143413 
0.784476 0.0626113 0.000462521 139550 
0.65331 0.0631547 0.000462521 143837 
0.523026 0.0874927 0.000462521 150862 
0.392238 0.137804 0.000462521 147707 
0.392238 0.237278 0.00102969 125824 
0.523026 0.0788679 0.00102969 137107 
0.65331 0.062779 0.00102969 136187 
0.784476 0.0647622 0.00102969 143943 
0.784476 0.0615537 0.00728334 122152 
0.65331 0.0588497 0.00728334 109519 
0.523026 0.0625885 0.00728334 98638.8 
0.392238 0.065373 0.00728334 79248.1 
0.392238 0.0770827 0.00411876 90667.9 
0.523026 0.0602778 0.00411876 108201 
0.65331 0.0594552 0.00411876 116501 
0.784476 0.0622562 0.00411876 133280 
0.784476 0.0614065 0.00182084 135096 
0.65331 0.0601368 0.00182084 129062 
0.523026 0.0619379 0.00182084 121038 
0.392238 0.081898 0.00182084 104335 
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ArnIENT STEl\M WATm WATER WATER GAS rozZLE Vl\CUUM 
TEMP TaIP ELCWRATE TEMP IN TEMP CUT TEMP OOT NIDlBER mESS. 
C C 1b/hr C C C mu Hg 
25 101.1 3113 14 98 99.7 0 635 
25 101.3 4151 14 82 94 0 635 
25 101.4 5185 14 70 84 0 635 
25 101.3 6226 14 62 76 0 635 
25 100.8 6226 14 60 76 1 630 
25 100.8 5185 14 68 83 1 630 
25 100.8 4151 14 80 92 1 630 
25 100.8 3113 14 94 99 1 630 
25 100.6 3113 14 90 98 2 625 
25 100.8 4151 14 79 93 2 625 
25 100.8 5185 14 69 85 2 625 
25 100.8 6226 14 60 76 2 625 
25 97 6226 14 58 75 3 595 
25 96.9 5185 14 62 81 3 595 
25 96.9 4151 14 67 87 3 595 
25 96.9 3113 14 73 92 3 595 
25 98.3 3113 14 77 94 4 640 
25 98.5 4151 14 72 90 4 640 
25 98.4 5185 14 66 83 4 640 
25 98.4 6226 14 60 76 4 640 
25 99.6 6226 14 60 77 5 640 
25 99.4 5185 14 66 83 5 640 
25 99.4 4151 14 75 90 5 640 
25 99.4 3113 14 84 96 5 640 
HEIGHT \lATER ELGI STEAl<! ELQv AIR ELQol V.H.T.C. 
H W:;/S w:;/S W:;/S N/I1AA3/C 
0.4 0.392238 0.0555819 0 115207 
0.523026 0.0593411 0 110011 
0.65331 0.0605472 0 109931 
0.784476 0.061989 0 112651 
0.784476 0.059535 0.000462521 106240 
0.65331 0.0586549 0.000462521 105448 
0.523026 0.0584122 0.000462521 107176 
0.392238 0.0628178 0.000462521 105871 
0.392238 0.0597004 0.00102969 97345.6 
0.523026 0.0589137 0.00102969 103403 
0.65331 0.0603148 0.00102969 106438 
0.784476 0.0597659 0.00102969 106249 
0.784476 0.0596068 0.00728334 104370 
0.65331 0.0561174 0.00728334 93317.1 
0.523026 0.0533738 0.00728334 81977.7 
0.392238 0.0522792 0.00728334 69395.7 
0.392238 0.0521483 0.00411876 74715.3 
0.523026 0.0562872 0.00411876 90335.2 
0.65331 0.0590806 0.00411876 101835 
0.784476 0.0611224 0.00411876 108800 
0.784476 0.0601921 0.00182084 106452 
0.65331 0.0574267 0.00182084 100817 
0.523026 0.0556651 0.00182084 97159 
0.392238 0.0536763 0.00182084 86721.7 
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MBIENl' STEAM WATER WATER WATER GAS WlZLE VPaJUM 
TEMP TEMP FLOVRATE TEMP IN TEMP OOT TEMP OOT tmBEa mESS. 
C C 1b/hr C C C mu Hg 
33 100.1 3113 14 98 99 0 640 
33 100.1 4151 14 80 93 0 640 
33 100.2 5185 14 69 87 0 640 
33 100.1 6226 14 62 81 0 640 
33 99.8 6226 14 60 80 1 635 
33 99.7 5185 14 68 86 1 635 
33 99.7 4151 14 77 92 1 635 
33 99.8 3113 14 92 97 1 635 
33 99.6 3113 14 88 96 2 620 
33 99.7 4151 14 77 92 2 620 
33 99.6 5185 14 67 86 2 620 
33 99.5 6226 14 59 80 2 620 
33 96.3 6226 14 56 78 3 595 
33 96.3 5185 14 62 82 3 595. 
33 96.1 4151 14 67 86 3 595 
33 96.2 3113 14 74 90 3 595 
33 97.3 3113 14 80 92 4 642 
33 97.3 4151 14 70 88 4 642 
33 97.3 5185 14 63 83 4 642 
33 97.2 6226 14 57 79 4 642 
33 98.1 6226 14 58 79 5 640 
33 98.1 5185 14 65 85 5 640 
33 98.2 4151 14 73 89 5 640 
33 98.2 3113 14 84 94 5 640 
---
HEIGHT HATER FLm ST"' ...AH ELm AIR ELCl'l V.II.T.C. 
II 1(G/S 1:G/S t:G/S lJ/I(~3/C 
0.5 0.392238 0.0556199 0 &7355.1 
0.523026 0.0575647 0 79916.7 
0.65331 0.059474 0 78532.5 
0.784476 0.0620386 0 81210.9 
0.784476 0.0596371 0.000456442 77211.7 
0.65331 0.058795 0.000456442 77425.9 
0.523026 0.0557153 0.000456442 74923.9 
0.392238 0.0541403 0.000456442 77942.1 
0.392238 0.0530039 0.00101616 71546.5 
0.523026 0.0567741 0.00101616 74933 
0.65331 0.058197 0.00101616 75294.6 
0.784476 0.0586267 0.00101616 74990.5 
0.784476 0.0576044 0.00718761 71356 .3 
0.65331 0.0564472 0.00718761 69526.6 
0.523026 0.0526014 0.00718761 62404.2 
0.392238 0.0495235 0.00718761 54809.8 
0.392238 0.050945 0.00406462 62349.6 
0.523026 0.0532293 0.00406462 65915.9 
0.65331 0.0557357 0.00406462 70312.5 
0.784476 0.0575701 0.00406462 72456 .3 
0.784476 0.0577081 0.0017969 74245.6 
0.65331 0.0565894 0.0017969 72698.4 
0.523026 0.05357 0.0017969 70331.1 
0.392238 0.0507573 0.0017969 67061.1 
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AM3IENl' STEAM WATER WATER WATER GAS tulZLE VJICUUM 
TEMP TEMP ELOVRATE TEMP IN TEMP OOT TEMP OOT wmER mESS. 
c c 1b/hr" C C C mn Hg 
33 100.3 3113 13.1 99.5 99.4 0 640 
33 100.8 4151 13.1 83 88 0 640 
33 100.7 5185 13.1 70 75 0 640 
33 100.4 6226 13.1 61 69 0 640 
33 100 6226 13.1 60 68 1 635 
33 99.8 5185 13.1 70 74 1 635 
33 99.8 4151 13.1 80 85 1 635 
33 100 3113 13.1 96 97 1 635 
33 100 3113 13.1 93 96 2 630 
33 100.1 4151 13.1 80 86 2 630 
33 100 5185 13.1 69 75 2 630 
33 99.6 6226 13.1 61 67 2 630 
33 96 " 6226 13.1 59 68 3 585 
33 95.8 5185 13.1 65 75 3 585 
33 95.8 4151 13.1 72 84 3 585 
33 95.9 3113 13.1 78 88 3 585 
33 97.5 3113 13.1 83 91 4 638 
33 97.6 4151 13.1 75 85 4 638 
33 97.6 5185 13.1 66 76 4 638 
33 97.3 6226 13.1 60 69 4 638 
33 98.3 6226 13.1 61 68 5 650 
33 98.2 5185 13.1 67 74 5 650 
33 98.2 4151 13.1 78 85 5 650 
33 98.4 3113 13.1 87 92 5 650 
HEIGHT VlATER ELCl1 STEAM ELGV AIR ELCl'1 V.H.T.C. 
M KG/S KG/S KG/S Iv/M~~3/C 
0.65 0.392238 0.0572599 0 70660.6 
0.523026 0.0610611 0 70827.8 
0.65331 0.0615492 0 71465.3 
0.784476 0.0618557 0 69769.7 
0.784476 0.0606478 0.000456442 68555.4 
0.65331 0.0617478 0.000456442 72958.4 
0.523026 0.058745 0.000456442 68385.4 
0.392238 0.0575141 0.000456442 67026.2 
0.392238 0.0570499 0.00101616 63043.6 
0.523026 0.0592888 0.00101616 67439.3 
0.65331 0.0608408 0.00101616 69939.4 
0.784476 0.0621133 0.00101616 71882.3 
0.784476 0.0610748 0.00718761 69252.2 
0.65331 0.0588757 0.00718761 64916.7 
0.523026 0.0567675 0.00718761 58016.8 
0.392238 0.0506924 0.00718761 49131.1 
0.392238 0.0525558 0.00406462 53309.1 
0.523026 0.0573162 0.00406462 61212.6 
0.65331 0.0588476 0.00406462 64941.9 
0.784476 0.0616781 0.00406462 69809.5 
0.784476 0.0623675 0.0017969 72109;9 
0.65331 0.0589214 0.0017969 67922.6 
0.523026 0.0581123 0.0017969 65964.9 
0.392238 0.0520233 0.0017969 57809.5 
----------------- -------
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AffiIENl' STEAM WATER WATER WATER GAS IDlZLE VlaJUM 
TEMP mlP FLCWRATE TFl1P IN TEMP OOT TEMP OOT tUM3ER mESS. 
C C 1b/hr C C C IlIn Hg 
32 100.3 3113 11.1 99.2 97 0 640 
32 100.8 4151 11.1 82 83 0 640 
32 100.7 5185 11.1 70 67 0 640 
32 100.2 6226 11.1 61 56 0 640 
32 100 6226 11.1 60 57 1 635 
32 99.6 5185 11.1 69 66 1 635 
32 99.7 4151 11.1 80 81 1 635 
32 100.3 3113 11.1 97 97 1 635 
32 100.5 3113 11.1 94 95 2 625 
32 100.6 4151 11.1 80 82 2 625 
32 100.2 5185 11.1 67 65 2 625 
32 99.7 6226 11.1 60 57 2 625 
32 95.5 6226 11.1 58 59 3 600 
32 93.9 5185 11.1 63 68 3 600 
32 94 4151 11.1 70 78 3 600 
32 94.8 3113 11.1 79 86 3 600 
33 96.9 3113 11.1 84 89 4 650 
33 97.2 4151 11.1 76 81 4 650 
33 97.3 c 5185 11.1 66 68 4 650 
33 97 6226 11.1 59 58 4 650 
33 98 6226 11.1 59 58 5 640 
33 98 5185 11.1 66 67 5 640 
33 98 4151 11.1 78 80 5 640 
33 98.6 3113 11.1 90 91 5 640 
HEIGHT \VATER FLCW STEAl>! FLa"l AIR FLGl V.H.T.C. 
H W3/S W3/S W3/S W/r1M 3/C 
0.8 0.392238 0.0583745 0 59168.4 
0.523026 0.0618928 0 60199.4 
0.65331 0.0637126 0 64898.2 
0.784476 0.064447 0 67570.6 
0.784476 0.0631736 0.000457188 64786.6 
0.65331 0.0627297 0.000457188 64567.7 
0.523026 0.0603822 0.000457188 59135.6 
0.392238 0.0595294 0.000457188 56190.5 
0.392238 0.0580775 0.00101782 53407.8 
0.523026 0.0607304 0.00101782 57920 
0.65331 0.0605632 0.00101782 61119.1 
0.784476 0.0632499 0.00101782 65014.2 
0.784476 0.0615894 0.00719937 62417.9 
0.65331 0.0578484 0.00719937 56135 
0.523026 0.0546489 0.00719937 49504.2 
0.392238 0.0512111 0.00719937 43165.3 
0.392238 0.0530921 0.00406462 46442.2 
0.523026 0.0589852 0.00406462 54649.7 
0.65331 0.0603248 0.00406462 59235.8 
0.784476 0.0624117 0.00406462 64161.3 
0.784476 0.0620918 0.0017969 63410.2 
0.65331 0.0597322 0.0017969 59427.9 
0.523026 0.0593421 0.0017969 57792 
0.392238 0.0549558 0.0017969 51773.5 
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AmIENT S'ml\M WATER WATER WATER GAS IDlZLE VlaJUM 
TEMP TEMP FLOiRATE TElo\P IN TEMP OOT TEMP OOT tuffiER PRESS. 
C C 1b/hr C C C nm Hg 
25 103.6 3113 15 99.7 99.7 0 752 
25 103.8 4151 15 90 99.7 0 752 
25 103.9 5185 15 77 97 0 752 
25 103.8 6226 15 69 93 0 752 
25 103.6 6226 15 68 93 1 750 
25 103.5 5185 15 76 97 1 750 
25 103.5 4151 15 87 99.7 1 750 
25 103.7 3113 15 97 99.7 1 750 
25 103.3 3113 15 90 99.7 2 730 
25 103.3 4151 15 83 99.7 2 730 
25 103.3 5185 15 74 97 2 730 
25 103.3 6226 15 67 92 2 730 
26 100.1 6226 15 60 88 3 535 
26 100 5185 15 63 92 3 535 
26 100 4151 15 67 95 3 535 
26 100 3113 15 71 97 3 535 
26 101.2 3113 15 77 98 4 605 
26 101.2 4151 15 72 96 4 605 
26 101.2 5185 15 67 93 4 605 
26 101.1 6226 15 62 90 4 605 
26 101.9 6226 15 64 90 5 690 
26 101.8 5185 15 70 94 5 690 
26 101.9 4151 15 77 98 5 690 
26 102 3113 15 83 99.7 5 690 
-----
HEIGHT 1"IATER FLOV STEAl1 FLGV AIR FLCl"l V.I-I. T.C. 
II !{G/S !{G/s !{G/S I"l/HAA3/C 
0.25 0.392238 0.0560144 0 164231 
0.523026 0.0656939 0 173280 
0.65331 0.0672372 0 160426 
0.784476 0.0699474 0 161110 
0.784476 0.0696419 0.000462521 156924 
0.65331 0.0688551 0.000462521 156894 
0.523026 0.148015 0.000462521 162238 
0.392238 0.139189 0.000462521 154615 
0.392238 0.238657 0.00102969 132046 
0.523026 0.248675 0.00102969 148022 
0.65331 0.0699563 0.00102969 149131 
0.784476 0.0692358 0.00102969 154282 
0.784476 0.0663457 0.00727116 133223 
0.65331 0.0654583 0.00727116 117679 
0.523026 0.0689007 0.00727116 103284 
0.392238 0.0793228 0.00727116 85204.2 
0.392238 0.0790497 0.00411187 98049.3 
0.523026 0.0668964 0.00411187 116423 
0.65331 0.0652462 0.00411187 129815 
0.784476 0.0666094 0.00411187 138053 
0.784476 0.0659489 0.00181779 145597 
0.65331 0.0642909 0.00181779 139251 
0.523026 0.0709686 0.00181779 129719 
0.392238 0.378828 0.00181779 112896 
167 
. AU3IENr STEI\M WATER WATER WATER GAS tUZZLE VlaJUM 
TEMP TEMP FLCWRATE TEMP ill TEMP OOT TEMP OOT rIDl3ER mESS. 
c c Ib/hr C C C mn Hg 
19 101.2 3113 15 99.75 99.7 0 745 
20 101.2 4151 15 86 95 0 745 
20 101.4 5185 15 76 88 0 745 
20 101.4 6226 15 66 79 0 745 
20 100.9 6226 15 66 79 1 740 
20 100.9 5185 15 74 87 1 740 
20 101 4151 15 86 95 1 740 
20 101.1 3113 15 98 99.7 1 740 
20 101.1 3113 15 93 99 2 730 
20 101.2 4151 15 84 95 2 730 
20 101.2 5185 15 74 87 2 730 
21 101.1 6226 15 65 79 2 730 
21 97.7 6226 15 62 78 3 540 
21 97.6 5185 15 67 84 3 540 
21 97.6 4151 15 72 89 3 540 
21 97.6 3113 15 77 93 3 540 
21 98.9 3113 15 81 95 4 620 
21 98.9 4151 15 76 91 4 620 
22 98.9 5185 15 69 85 4 620 
22 98.9 6226 15 63 78 4 620 
22 99.7 6226 15 64 77 5 690 
22 99.6 5185 15 71 86 5 690 
22 99.6 4151 15 79 93 5 690 
22 99.6 3113 15 87 97 5 690 
HEIGHT \IATER FLCl'l STEAH FLQq AIR FLCW V.H. T.e. 
N W3/S W3/S W3/S 11/i1~~3/C 
0.4 0.392238 0.0561414 0 119956 
0.523026 0.0621313 0 120135 
0.65331 0.0662195 0 123895 
0.784476 0.066035 0 122307 
0.784476 0.0662941 0.000466446 122926 
0.65331 0.0644603 0.000466446 119070 
0.523026 0.0636751 0.000466446 120399 
0.392238 0.140706 0.000466446 115334 
0.392238 0.0739238 0.00103843 102869 
0.523026 0.0637176 0.00103843 114225 
0.65331 0.0650316 0.00103843 118727 
0.784476 0.0652366 0.00103666 119005 
0.784476 0.0643081 0.00733266 113268 
0.65331 0.0618824 0.00733266 103784 
0.523026 0.0588665 0.00733266 91399.7 
0.392238 0.0568302 0.00733266 75579.7 
0.392238 0.0568878 0.00414665 81221.8 
0.523026 0.0598967 0.00414665 98737 
0.65331 0.0619232 0.00413963 107565 
0.784476 0.0640838 0.00413963 115492 
0.784476 0.0642344 0.00183006 119399 
0.65331 0.0623529 0.00183006 112002 
0.523026 0.0598656 0.00183006 104082 
0.392238 0.0581351 0.00183006 92030.2 
-------- - --
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AmIENr S'mAM WATER WATER WATER GAS rozZLE VliCUUM 
TEMP TEMP FLGlRATE TEMP m TEMP ooT TEMP ooT 1mBJ:R mESS. 
C C 1b/hr C C C nm Hg 
23 101.8 3113 15 99 99 0 750 
24 102.4 4151 15 90 94 0 750 
24 102.1 5185 15 77 85 0 750 
24 101.8 6226 15 68 78 0 750 
24 101.2 6226 15 66 76 1 745 
24 100.9 5185 15 76 84 1 745 
24 100.9 4151 15 88 93 1 745 
24 101.2 3113 15 99 99.7 1 745 
24 101.2 3113 15 96 99 2 730 
24 101.3 4151 15 86 92 2 730 
24 101.1 5185 15 76 84 2 730 
24 100.8 6226 15 66 77 2 730 
25 97.5 6226 15 63 75 3 535 
25 97.2 5185 15 68 80 3 535 
25 97.2 4151 15 75 87 3 535 
25 97.1 3113 15 80 91 3 535 
25 98.4 3113 15 86 94 4 610 
25 98.5 4151 15 78 88 4 610 
26 98.4 5185 15 70 80 4 610 
26 98.3 6226 15 64 75 4 610 
26 99.2 6226 15 64 75 5 690 
26 99.1 5185 15 72 82 5 690 
26 99.1 4151 15 81 90 5 690 
26 99.3 3113 15 90 96 5 690 
HEIGHT 1'1ATER FLQ'I STEAN FLQ'I AIR FLQ'I V.H.T.C. 
11 N;jS N;jS N;jS 1"7/11AA3jC 
0.5 0.392238 0.0555933 0 88236.5 
0.523026 0.0657564 0 99162.1 
0.65331 0.0673187 0 97545.1 
0.784476 0.0686981 0 97772.2 
0.784476 0.0662323 0.000463298 94541.4 
0.65331 0.0665969 0.000463298 97125.4 
0.523026 0.0650098 0.000463298 96909.4 
0.392238 0.140823 0.000463298 88290.7 
0.392238 0.075856 0.00103142 82681.1 
0.523026 0.0640776 0.00103142 92715.7 
0.65331 0.0670233 0;00103142 96930.6 
0.784476 0.0665129 0.00103142 93957.9 
0.784476 0.0649585 0.00728334 90431.8 
0.65331 0.0613977 0.00728334 83709.8 
0.523026 0.059708 0.00728334 76238.7 
0.392238 0.0545396 0.00728334 62893.9 
0.392238 0.0576569 0.00411876 70233.6 
0.523026 0.0596157 0.00411876 80787 .9 
0.65331 0.0618474 0.00411187 87705.1 
0.784476 0.0650549 0.00411187 92547.2 
0.784476 0.0641441 0.00181779 91657.3 
0.65331 0.0629806 0.00181779 90317.9 
0.523026 0.0602538 0.00181779 85143 
0.392238 0.0571485 0.00181779 75274.8 
169 
AmIENT STEl\M WATER WATER WATER GAS IUZZLE VllCUUM 
TEMI? TEMP ELGlRATE TEMP IN TEMP OOT TEMP OOT lUMBER mESS. 
c c Ibjhr· C C C nm Hg 
28 100.4 3113 15.7 99 99 0 750 
29 101.2 4151 15.7 91 94 0 750 
29 101.2 5185 15.7 76 80 0 750 
29 100.9 6226 15.7 68 72 0 750 
30 100.5 6226 15.7 68 71 1 745 
30 100.7 5185 15.7 77 81 1 745 
30 100.8 4151 15.7 90 94 1 745 
30 101.2 3113 15.7 99 99 1 745 
30 101.3 3113 15.7 98 99 2 732 
30 101.4 4151 15.7 87 93 2 732 
31 101.2 5185 15.7 76 81 2 732 
31 100.8 6226 15.7 68 73 2 732 
31 97.5 6226 15.7 65 73 3 540 
31 97 5185 15.7 72 80 3 540 
31 96.5 4151 15.7 77 86 3 540 
31 96.5 3113 15.7 83 90 3 540 
31 97.7 3113 15.7 87 92 4 615 
31 97.9 4151 15.7 80 88 4 615 
31 97.9 5185 15.7 75 83 4 615 
31 97.8 6226 15.7 65 69 4 615 
31 98.7 6226 15.7 65 70 5 695 
31 98.5 5185 15.7 73 79 5 695 
32 98.7 4151 15.7 83 89 5 695 
32 98.9 3113 15.7 92 95 5 695 
HEIGHT ,lATER ELGl STEAN ELQ" AIR ELGl V. H. T.C. 
~1 FJ3/S FJ3/S FJ3/S IV/M~~3/C 
0.65 0.392238 0.0551828 0 70032.5 
0.523026 0.0661181 0 80359.2 
0.65331 0.0654685 0 78680.5 
0.784476 0.0678316 0 81775.1 
0.784476 0.0679818 0.000458693 83079 
0.65331 0.0668941 0.000458693 80489.2 
0.523026 0.0664351 0.000458693 78708.7 
0.392238 0.0650858 0.0004586 93 69405.6 
0.392238 0.0765635 0.00102117 67685 
0.523026 0.0646947 0.00102117 73255.6 
0.65331 0.0660743 0.00101949 77823.4 
0.784476 0.0681723 0.00101949 80967.2 
0.784476 0.0663451 0.00721119 76446 
0.65331 0.065104 0.00721119 73459.6 
0.523026 0.0601621 0.00721119 63897.1 
0.392238 0.054584 0.00721119 54035.2 
0.392238 0.0546524 0.00407795 57909.8 
0.523026 0.0608024 0.00407795 66845.2 
0.65331 0.0673504 0.00407795 76735.1 
0.784476 0.0649762 0.00407795 79702.8 
0.784476 0.064393 0.0018028 77972.4 
0.65331 0.0631165 0.0018028 75196.6 
0.523026 0.0611641 0.00179984 71032.2 
0.392238 0.0562823 0.00179984 62743 
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AM3IENT STEl\M WATER WATER WATER GAS rozZLE VtaJUM 
TEMP TEMP aCWRATE TEl-IP IN TEl-IP OOT TEMP OOT NJ~BER mESS. 
C C 1bjhr C C C nm Hg 
28 100.8 3113 14 98 98 0 750 
28 100.8 4151 14 88 86 0 750 
28 100.8 5185 14 76 70 0 750 
28 100.8 6226 14 67 60 0 750 
28 100.1 6226 14 66 59 1 747 
28 100.1 5185 14 76 72 1 747 
28 100.1 4151 14 88 85 1 747 
28 100.1 3113 14 98 98 1 747 
28 100.1 3113 14 98 97 2 735 
28 100.5 4151 14 87 86 2 735 
28 100.6 5185 14 76 73 2 735 
29 100.6 6226 14 68 62 2 735 
29 96.8 6226 14 65 63 3 540 
29 96.8 5185 14 71 72 3 540 
29 96.8 4151 14 78 82 3 540 
29 96.5 3113 14 85 89 3 540 
29 98.5 3113 14 90 92 4 620 
29 98.6 4151 14 80 84 4 620 
29 98.3 5185 14 72 73 4 620 
30 98 6226 14 64 60 4 620 
30 97 6226 14 64 58 5 695 
30 97 5185 14 72 70 5 695 
30 97.2 4151 14 83 83 5 695 
30 98 3113 14 93 93 5 695 
HEIGHT HATm am STEAl1 aCNl AIR acw V.H.T.C. 
H R;/S KG/S KG/S W/I1AA3/C 
0.8 0.392238 0.0555933 0 56501.7 
0.523026 0.064862 0 67476.7 
0.65331 0.0673323 0 73514.2 
0.784476 0.0686981 0 75945.3 
0.784476 0.0674481 0.000460213 75117.6 
0.65331 0.0675058 0.000460213 72347.7 
0.523026 0.0652794 0.000460213 68856.4 
0.392238 0.0599412 0.000460213 56963.9 
0.392238 0.0616664 0.00102455 57641.3 
0.523026 0.0649018 0.00102455 65984.4 
0.65331 0.0676792 0.00102455 71059.1 
0.784476 0.0702126 0.00102286 76666.6 
0.784476 0.0674306 0.007235 72088.1 
0.65331 0.0640997 0.007235 64968.5 
0.523026 0.0605484 0.007235 56661.5 
0.392238 0.0559259 0.007235 47535.1 
0.392238 0.0578454 0.00409142 51046.8 
0.523026 0.0607625 0.00409142 57312.5 
0.65331 0.0642777 0.00409142 64979.9 
0.784476 0.0653716 0.00408467 71323.9 
0.784476 0.0650655 0.00180577 74077.2 
0.65331 0.0634683 0.00180577 68397.7 
0.523026 0.0616924 0.00180577 63898.7 
0.392238 0.056217 0.00180577 54722 
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Al£IENI' STEAM WATER WATER WATER GAS IDZZLE VllCUUM 
rolP mIP FLCHRATE TI:11P IN TI:11P OOT TI:11P OOT rumER fREES. 
C C 1bjhr C C C mn Hg 
26 103.8 3113 15 99.6 99.7 0 752 
26 104 4151 15 95 99.7 0 752 
26 104 5185 15 81 99 0 752 
26 103.9 6226 15 72 94 0 752 
26 103.6 6226 15 71 94 1 747 
26 103.4 5185 15 80 98 1 747 
26 103.3 4151 15 93 99.7 1 747 
26 103.5 3113 15 99 99.7 1 747 
26 103.2 3113 15 93 99.7 2 735 
26 103.2 4151 15 88 99.7 2 735 
26 103.2 5185 15 76 97 2 735 
26 103.1 6226 15 70 93 2 735 
26 100.1 6226 15 61 89 3 530 
26 100 5185 15 65 92 3 530 
26 100 4151 15 70 94.5 3 530 
26 100 3113 15 75 97 3 530 
27 101.2 3113 15 80 99 4 635 
27 101.2 4151 15 74 96.5 4 635 
27 101.2 5185 15 69 94 4 635 
27 101.1 6226 15 64 90 4 635 
27 101.8 6226 15 67 92 5 700 
27 101.8 5185 15 72 95 5 700 
27 101.8 4151 15 79 98 5 700 
27 102 3113 15 86 99.7 5 700 
---
HEIGHT l'lATER FLG-I STEAM FLaT AIR FLG-I V.H.T.C. 
H ffi/S ffi/S ffi/S H/11~~3/C 
0.25 0.392238 0.0559368 0 163477 
0.523026 0.0703024 0 194966 
0.65331 0.0717633 0 174280 
0.784476 0.0739769 0 173324 
0.784476 0.0738743 0.000461748 169117 
0.65331 0.074992 0.000461748 172523 
0.523026 0.153406 0.000461748 187887 
0.392238 0.14045 0.000461748 162449 
0.392238 0.24042 0.00102797 141995 
0.523026 0.252939 0.00102797 167431 
0.65331 0.0722049 0.00102797 157357 
0.784476 0.0736053 0.00102797 166744 
0.784476 0.0686643 0.00727116 136274 
0.65331 0.0676846 0.00727116 124930 
0.523026 0.0690889 0.00727116 112944 
0.392238 0.0820285 0.00727116 94939.5 
0.392238 0.131381 0.00410502 105090 
0.523026 0.0715399 0.00410502 122337 
0.65331 0.0692862 0.00410502 136203 
0.784476 0.0692673 0.00410502 146686 
0.784476 0.0707884 0.00181476 156343 
0.65331 0.0676679 0.00181476 145827 
0.523026 0.0727578 0.00181476 136736 
0.392238 0.380329 0.00181476 121559 
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AmIENl' 5'mI\M WATER WATER WATER . GA') rozZLE Vl'aJUM 
TEMP TEMP ELGlRATE mtPm mtP OOT mtP OOT mmm IRES5. 
C C Ib/hr C C C rnn Hg 
22 102 3113 15 99 99.7 0 750 
22 102 4151 15 93 99 0 750 
22 102 5185 15 80 90 0 750 
23 102 6226 15 70 81 0 750 
23 101.2 6226 15 68 80 1 745 
23 101.2 5185 15 79 90 1 745 
23 101.2 4151 15 91 97 1 745 
23 101.2 3113 15 99 99.7 1 745 
23 101.2 3113 15 95 99.7 2 735 
24 101.2 4151 15 87 95 2 735 
24 101.2 5185 15 76 88 2 735 
24 101.2 6226 15 68 80 2 735 
24 97.8 6226 15 64 78 3 540 
24 97.8 5185 15 70 85 3 540 
24 97.8 4151 15 75 90 3 540 
24 97.8 3113 15 80 94 3 540 
24 98.9 3113 15 85 96 4 640 
24 98.9 4151 15 78 92 4 640 
24 98.9 5185 15 72 87 4 640 
24 98.9 6226 15 66 80 4 640 
24 99.6 6226 15 67 80 5 700 
24 99.6 5185 15 74 86 5 700 
24 99.7 4151 15 82 93 5 700 
24 99.7 3113 15 89 97 5 700 
HEIGHT t"lA'I'ER ELOl STEAI·I ELm AIR ELOl V.H.T.C. 
1·1 &;/5 &;/5 &;/5 W/H~~3/C 
0.4 0.392238 0.0555857 0 116744 
0.523026 0.0685448 0 135758 
0.65331 0.0707236 0 134297 
0.784476 0.0713764 0 134153 
0.784476 0.0689804 0.000464079 128834 
0.65331 0.0702925 0.000464079 131868 
0.523026 0.0694714 0.000464079 133249 
0.392238 0.140967 0.000464079 118025 
0.392238 0.242836 0.00103316 107430 
0.523026 0.0664442 0.00103142 123236 
0.65331 0.0673999 0.00103142 124168 
0.784476 0.0692918 0.00103142 128845 
0.784476 0.06696 0.00729558 120563 
0.65331 0.0657453 0.00729558 112015 
0.523026 0.0627204 0.00729558 98176.4 
0.392238 0.0620216 0.00729558 80868 
0.392238 0.0635265 0.00412568 89099.4 
0.523026 0.0627246 0.00412568 103152 
0.65331 0.0660325 0.00412568 114918 
0.784476 0.068414 0.00412568 124210 
0.784476 0.0684583 0.0018239 127092 
0.65331 0.0657258 0.0018239 121911 
0.523026 0.0625822 0.0018239 112491 
0.392238 0.0594764 0.0018239 96657.9 
-- ---------
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AM3IENT STEAM WATm WATER WATm GAS laZLE VllCUUM 
TEMP TEMP ELO'lRATE TI'l-IP IN TI'l-IP OOT TEMP OOT 1mBER ERESS. 
C C 1b/hr C C C nm Hg 
25 102.2 3113 14 99.7 99.7 0 745 
25 102.2 4151 14 95 97 0 745 
25 102.3 5185 14 81 86 0 745 
25 102 6226 14 69 78 0 745 
25 101.6 6226 14 70 79 1 740 
25 101.3 5185 14 78 85 1 740 
25 101.2 4151 14 91 94 1 740 
25 101.3 3113 14 99.7 99.7 1 740 
25 101.2 3113 14 98 99 2 733 
25 101.2 4151 14 91 94 2 733 
25 101.2 5185 14 79 84 2 733 
25 100.9 6226 14 70 78 2 733 
25 97.2 6226 14 68 76 3 535 
25 97.2 5185 14 73 82 3 535 
25 97.2 4151 14 77 87 3 535 
25 97.2 3113 14 83 92 3 535 
25 98.8 3113 14 87 94 4 635 
25 98.8 4151 14 81 89 4 635 
25 98.8 5185 14 74 83 4 635 
25 98.5 6226 14 67 75 4 635 
25 99.3 6226 14 68 77 5 695 
25 99.3 5185 14 76 83 5 695 
25 99.3 4151 14 83 90 5 695 
25 99.4 3113 14 92 96 5 695 
HEIGHT \~ATER ELm SI'EAH ELCll AIR ELm V.HoT.C. 
M I«;/S KG/S 1«;/S j'I/HAA3/C 
0.5 0.392238 0.05673 0 88639.8 
0.523026 0.0712685 0 108887 
0.65331 0.0729342 0 107738 
0.784476 0.0713286 0 101323 
0.784476 0.0729285 0.000462521 103663 
0.65331 0.0699629 0.000462521 101612 
0.523026 0.0688426 0.000462521 103227 
0.392238 0.141829 0.000462521 89715.8 
0.392238 0.0778765 0.00102969 86831.6 
0.523026 0.0703531 0.00102969 103240 
0.65331 0.0715031 0.00102969 105629 
0.784476 0.0732129 0.00102969 105518 
0.784476 0.0731854 0.00728334 105756 
0.65331 0.0688095 0.00728334 95520.2 
0.523026 0.0623949 0.00728334 81013.9 
0.392238 0.0590985 0.00728334 67546.7 
0.392238 0.0589909 0.00411876 71953.2 
0.523026 0.0637695 0.00411876 86742.6 
0.65331 0.0680554 0.00411876 95530.8 
0.784476 0.070369 0.00411876 102254 
0.784476 0.0709095 0.00182084 102248 
0.65331 0.0686798 0.00182084 100427 
0.523026 0.0629516 0.00182084 89907.7 
0.392238 0.0592046 0.00182084 79182.2 
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AM3IENl' STEAM WATER WATER WATER GAS IDlZLE V1aJUl1 
TEHi' TENi' a.OVRATE TEl1P IN IDIP CUT mIP CUT tUBER FRESS. 
C C 1bjhr C C C mu Hg 
32 101.2 3113 15.7 99.5 99.5 0 750 
32 101.3 4151 15.7 92 93 0 750 
32 101.2 5185 15.7 82 85 0 750 
32 100.9 6226 15.7 69 73 0 750 
32 100.6 6226 15.7 70 71 1 745 
32 100.4 5185 15.7 79 82 1 745 
32 100.4 4151 15.7 92 94 1 745 
32 100.8 3113 15.7 99.4 99.6 1 745 
32 101 3113 15.7 99 99 2 735 
32 100.9 4151 15.7 90 93 2 735 
32 100.7 5185 15.7 77 80 2 735 
32 100.2 6226 15.7 69 71 2 735 
32 97.1 6226 15.7 67 73 3 530 
32 96.5 5185 15.7 73 80 3 530 
33 96 4151 15.7 77 87 3 530 
33 96.1 3113 15.7 84 91 3 530 
33 97.6 3113 15.7 89 93 4 640 
33 97.7 4151 15.7 82 89 4 640 
33 97.6 5185 15.7 74 81 4 640 
33 97.6 6226 15.7 67 70 4 640 
33 98.3 6226 15.7 67 71 5 695 
33 98.4 51115 15.7 76 81 5 695 
33 98.6 4151 15.7 85 90 5 695 
33 99 3113 15.7 94 96 5 695 
HEIGHT \'lATER a.m STENI a.m AIR a.a'1 V.H.T.C. 
1·\ &;/S &;/S &;/S l'l/1·1~~3/C 
0.65 0.392238 0.0555026 0 69824 
0.523026 0.0670372 0 83270.4 
0.65331 0.0722746 0 87841.6 
0.784476 0.0691749 0 83394.4 
0.784476 0.0706657 0.000457188 88283.1 
0.65331 0.0691968 0.000457188 84457.8 
0.523026 0.068296 0.000457188 83173.2 
0.392238 0.0963352 0.000457188 69945.7 
0.392238 0.0772016 0.00101782 69589.1 
0.523026 0.0674688 0.00101782 79522.2 
0.65331 0.0671803 0.00101782 81410.4 
0.784476 0.0695004 0.00101782 85999.5 
0.784476 0.069044 0.00719937 81833.4 
0.65331 0.0662476 0.00719937 76084.9 
0.523026 0.0608612 0.00718761 63535.6 
0.392238 0.0567004 0.00718761 55115.5 
0.392238 0.0573501 0.00406462 60374 
0.523026 0.0631733 0.00406462 69944.1 
0.65331 0.0657866 0.00406462 76488.5 
0.784476 0.067736 0.00406462 84217.9 
0.784476 0.0671248 0.0017969 82552.8 
0.65331 0.0666619 0.0017969 80286.7 
0.523026 0.0632911 0.0017969 74157.1 
0.392238 0.0593856 0.0017969 65155.6 
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Al£IENT STFAM WATER WATER WATER GAS NJZZLE VJlaJUM 
TEMP TEMP ELCl'IRATE TEMP IN TEMP OOT TEMP OOT rumm mESS. 
C C 1bjhr C C C nm Hg 
30 99.5 3113 12.5 96 97 0 750 
30 99.5 4151 12.5 90 86 0 750 
30 99.5 5185 12.5 78 74 0 750 
30 99.5 6226 12.5 67 63 0 750 
31 99.2 6226 12.5 68 62 1 748 
31 99 5185 12.5 76 72 1 748 
31 99.2 4151 12.5 91 88 1 748 
31 99.9 3113 12.5 97 97 1 748 
31 100.6 3113 12.5 98 97 2 735 
31 100.6 . 4151 12.5 91 88 2 735 
31 100.4 5185 12.5 80 77 2 735 
31 100.3 6226 12.5 70 64 2 735 
·31 96.8 6226 12.5 67 65 3 535 
31 96.8 5185 12.5 73 76 3 535 
31 96.8 4151 12.5 80 85 3 535 
31 96.9 3113 12.5 89 91 3 535 
32 98.4 3113 12.5 92 93 4 645 
32 98.5 4151 12.5 85 87 4 645 
32 98.4 5185 12.5 76 75 4 645 
32 98.2 6226 12.5 68 64 4 645 
32 98.8 6226 12.5 68 64 5 700 
32 98.5 5185 12.5 76 75 5 700 
32 98.5 4151 12.5 86 86 5 700 
32 98.7 3113 12.5 95 95 5 700 
HEIGHT . I1ATER ELOl. . STEAl·1ELOV- AIR.a,QV .. . V.H.T.C •. 
H w:;/s KG/S w:;/s Wl1~~3/C 
0.8 0.392238 0.0552359 0 55315.4 
0.523026 0.0680823 0 72287.5 
0.65331 0.0712917 0 75695.2 
0.784476 0.0707038 0 75071 
0.784476 0.0721368 0.000457939 78680 
0.65331 0.0691863 0.000457939 73728.2 
0.523026 0.0695423 0.000457939 72659.8 
0.392238 0.058623 0.000457939 56409.7 
0.392238 0.0626102 0.00101949 57328.8 
0.523026 0.0701142 0.00101949 71483.9 
0.65331 0.0739694 0.00101949 76381.9 
0.784476 0.0748904 0.00101949 80542.6 
0.784476 0.0722364 0.00721119 75731.3 
0.65331 0.0686941 . 0.00721119 66282.7 
0.523026 0.0650716 0.00721119 58163.7 
0.392238 0.0622733 0.00721119 51414 
0.392238 0.0615292 0.00407127 53220.4 
0.523026 0.0676795 0.00407127 63597.6 
0.65331 0.0706198 0.00407127 71668.8 
0.784476 0.0728528 0.00407127 77731.7 
0.784476 0.0724102 0.00179984 77155.8 
0.65331 0.069752 0.00179984 71566.6 
0.523026 0.0661014 0.00179984 65995.4 
0.392238 0.0604933 0.00179984 55769.1 
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AmIENT S'lEAM WATER WATER . WATER GAS OOZZLE VAaJUM 
TEMP TEMP FLa/RATE TEMP IN TEMP CXJT TEMP CXJT NUMBER PRESS. 
C C lb/hr C C C nm Hg 
25 101.5 2075 17.5 94 95 0 150 
25 100.5 3113 17.5 71 81 0 150 
25 100.5 4151 17.5 56 64 0 150 
25 99.5 4151 17.5 57 66 2 145 
25 100 3113 17.5 70 80 2 145 
25 100.5 2075 17.5 90 94 2 145 
25 96 2075 17.5 80 86.5 3 130 
25 96 3113 17.5 68 76.5 3 130 
25 95.5 4151 17.5 57 65 3 130 
25 100 4151 17.5 83 80 0 640 
25 100 3113 17.5 96.5 93 0 640 
25 99.5 2075 17.5 99.5 99 2 620 
25 99.5 3113 17.5 97 95 2 620 
25 99.5 4151 17.5 82 80 2 620 
25 96.5 4151 17.5 80 76 3 570 
25 96.5 3113 17.5 90 88 3 570 
25 96.5 2075 17.5 92.5 93 3 580 
25 100.5 4151 17.5 94 89 0 760 
25 100 4151 17.5 92 88 2 740 
25 100 3113 17.5 99 98.5 2 740 
25 100 2075 17.5 99 99.5 2 740 
25 97.5 2075 17.5 95 95 3 530 
25 97.5 3113 17.5 93 91 3 535 
25 97.5 4151 17.5 87 81 3 540 
HEIGHT WATER FLCl'l . STEAM FLCl'l .. AIRFLCl'l V.H.T.C •. 
H Fn/S F!l/S KG/S W/M~~3/C 
0.35 0.26145 0.0336396 0 76000.9 
0.392238 0.0347731 0 71746.5 
0.523026 0.033035 0 69658.2 
0.523026 0.0341095 0.000828059 71517 .4 
0.392238 0.0345666 0.000828059 70750.2 
0.26145 0.0340211 0.000828059 70196.9 
0.26145 0.0327911 0.00561901 61562.5 
0.392238 0.0352382 0.00561901 72298.4 
0.523026 0.0351264 0.00561901 75698.5 
0.523026 0.0572485 0 138122 
0.392238 0.0522591 0 126882 
0.26145 0.0585425 0.00102969 85284.2 
0.392238 0.056016 0.00102969 126155 
0.523026 0.0569212 0.00102969 135086 
0.523026 0.0576215 0.00728334 139500 
0.392238 0.056147 0.00728334 119036 
0.26145 0.0492425 0.00728334 79649.5 
0.523026 0.0673412 0 165663 
0.523026 0.0666836 0.00102969 160105 
0.392238 0.0675507 0.00102969 126362 
0.26145 0.0967288 0.00102969 83244.3 
0.26145 0.0581813 0.00728334 81940.3 
0.392238 0.0618458 0.00728334 122643 
0.523026 0.0653516 0.00728334 157988 
I 
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AmIENT S'lEAM WATER WATER WATER GAS rozZLE VAaJUM 
TEMP TEMP FLGIRATE TEMP m TaIP OOT TEMP OOT NUmER PRESS. 
C C lb/hr C C C llIn Hg 
25 99.5 4151 17.5 57 40.5 0 150 
25 99.5 3113 17.5 70 52 0 150 
25 99.5 2075 17.5 92 77 0 150 
25 98.5 2075 17.5 93 79 2 145 
25 98.5 3113 17.5 72 52 2 145 
25 98.5 4151 17.5 60 43 2 140 
25 95.5 4151 17.5 60 40 3 130 
25 94.5 3113 17.5 72 50 3 130 
25 94.5 2075 17.5 86 78 3 130 
25 99.5 2075 17.5 99.3 99 0 630 
25 100.5 3113 17.5 100 94.5 0 640 
25 100.5 4151 17.5 85 60 0 640 
25 100 4151 17.5 84 59 2 620 
25 100 3113 17.5 99 91.5 2 620 
25 99.3 2075 17.5 98.9 98.5 2 620 
25 96.5 2075 17.5 94.5 92.5 3 550 
25 96.5 3113 17.5 93 82 3 560 
25 97 4151 17.5 83 59 3 560 
25 100.5 4151 17 .5 92 64 0 760 
25 100 3113 17.5 100 98 2 750 
25 100 4151 17.5 92 66 2 750 
25 97.5 4151 17.5 88.5 68 3 540 
25 97.5 3113 17 .5 96 88.5 3 540 
25 98 2075 17.5 97.5 95.5 3 545 
---------
HEIGHT WATER FLaT S'l'EN1 FLaT AIR FI.cl'i V.H.T.C. 
M KG/S KGlS KGls WHAA3/C 
0.5 0.523026 0.0339382 0 71251.4 
0.392238 0.0341232 0 73318.9 
0.26145 0.0327601 0 67238.4 
0.26145 0.0336666 0.000828059 68193.9 
0.392238 0.03556.05 0.000828059 79961.1 
0.523026 0.0366434 0.000817246 78612.9 
0.523026 0.0368416 0.00561901 86749.3 
0.392238 0.0359828 0.00561901 88688.9 
0.26145 0.0327626 0.00561901 59829.1 
0.26145 0.0361499 0 60845.9 
0.392238 0.0546865 0 97111.9 
0.523026 0.0590564 0 140131 
0.523026 0.0582954 0.00102969 139166 
0.392238 0.0558143 0.00102969 99082 
0.26145 0.0495141 0.00102969 60768.2 
0.26145 0.0488898 0.00728334 60639 
0.392238 0.0546546 0.00728334 100876 
0.523026 0.0583181 0.00728334 141946 
0.523026 0.0654914 0 163876 
0.392238 0.0643738 0.00102969 93513.8 
0.523026 0.0657263 0.00102969 159533 
0.523026 0.064117 0.00728334 144081 
0.392238 0.0607549 0.00728334 98595.5 
0.26145 0.0624215 0.00728334 61941.4 
·_. 
---
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A/oBIENT S'lEAM WATER WATER WATER GI\S roZZLE VAaJUM 
TEMP TEMP FLGIRATE mIP IN TEMP CXJT mIP CXJT NUMBER PRESS. 
C C lb/hr C C C nm Hg 
25 99.5 2075 17.5 91 82 0 150 
25 99.5 3113 17.5 70 70 0 150 
25 100 4151 17.5 56 50 0 150 
25 99.5 4151 17.5 57 50 2 145 
25 99.5 3113 17.5 11 67 2 145 
25 99.5 2075 17.5 88 81 2 145 
25 95 2075 17.5 82 80 3 130 
25 95 3113 17.5 68 57 3 130 
25 95 4151 17 .5 56 40 3 130 
25 100.5 4151 17.5 82 60 0 630 
25 100.5 3113 17.5 100 97 0 640 
25 101 2075 17.5 100 99 0 640 
25 100.5 2075 17.5 100 98.5 2 630 
25 100.5 3113 17.5 100 92 2 630 
25 101 4151 17.5 88 60 2 630 
25 98 4151 17.5 86 62 3 590 
25 98 3113 17.5 94 86 3 600 
25 98 2075 17.5 96 93 3 600 
25 103 4151 17.5 99 86 0 760 
25 103 4151 17.5 97 74 2 750 
25 103 3113 17.5 100 99 2 750 
25 96 2075 17.5 94 92 3 540 
25 96 3113 17.5 94 88 3 540 
25 96 4151 17.5 90 70 3 540 
--
-------
----------------
HEIGHT WATERFL<M Sl'EAM FLGl . AIRFLal . V~H.T~C.· . 
M KG/S KG/S KG/S WM~~3/C 
0.8 0.26145 0.0322984 0 38991.1 
0.392238 0.0341232 0 36672.7 
0.523026 0.033046 0 38083.7 
0.523026 0.0339946 0.000828059 39882.7 
0.392238 0.0349794 0.000828059 39320.6 
0.26145 0.0314096 0.000828059 36337.3 
0.26145 0.0313547 0.00561901 32911.8 
0.392238 0.0335257 0.00561901 43451.8 
0.523026 0.0333126 0.00561901 47368.6 
0.523026 0.0563172 0 81426.7 
0.392238 0.0546865 0 60289.9 
0.26145 0.0364393 0 38971.3 
0.26145 0.0499972 0.00102969 39470.6 
0.392238 0.056634 0.00102969 64325 
0.523026 0.0619283 0.00102969 98235.1 
0.523026 0.0612344 0.00728334 93653.8 
0.392238 0.0573251 0.00728334 61499.7 
0.26145 0.0508281 0.00728334 39426.9 
0.523026 0.0118651 0 87599.8 
0.523026 0.0703687 0.00102969 98999.6 
0.392238 0.0768908 0.00102969 57169.9 
0.26145 0.0475551 0.00728334 38842 
0.392238 0.0589444 0.00728334 61411.8 
0.523026 0.0658141 0.00728334 95977.4 
APPENDIX IC 
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Solid cone - BK-7.lmm 
HEIGHT WATER FLrn S'mAM FLrn AIR FLrn S.H.T.C. 
M RG/S RG/S RG/S W/M~~2/C 
0.65 0.392238 0.0539122 0 928.02 
0.523026 0.0599626 0 635.375 
0.653688 0.061413 0 444.717 
0.784476 0.0610907 0 322.376 
0.784476 0.0592639 0.000462521 313.478 
0.653688 0.0605078 0.000462521 436.542 
0.523026 0.0584215 0.000462521 612.61 
0.392238 0.0539336 0.000462521 895.221 
0.392238 0.0537846 0.00102969 950.104 
0.523026 0.0579556 0.00102969 627.455 
0.653688 0.0609149 0.00102969 466.494 
0.784476 0.0594975 0.00102969 320.187 
0.784476 0.0575427 0.00182084 295.158 
0.653688 0.0575389 0.00182084 414.569 
0.523026 0.0568073 0.00182084 592.087 
0.392238 0.0511437 0.00182084 825.283 
0.392238 0.0499574 0.00411876 756.954 
0.523026 0.0564888 0.00411876 574.66 
0.653688 0.0586439 0.00411876 430.382 
0.784476 0.0572616 0.00411876 299.541 
0.784476 0.0564306 0.00728334 295.748 
0.653688 0.0565269 0.00728334 407.428 
0.523026 0.0549742 0.00728334 540.359 
0.392238 0.0505581 0.00728334 750.817 
Solid cone - BK-lOmm 
HEIGHT WATER FLaT STEAl'! FLaT AIR FLav S.H.T.C. 
H KG/S RG/s RG/S W/M~~2/C 
----------------------
0.65 0.392238 0.0567532 0 1036.26 
0.523026 0.0584053 0 633.415 
0.653688 0.060566 0 467.442 
0.784476 0.0606369 0 360.828 
0.784476 0.0594548 0.000460978 348.488 
0.653688 0.0574658 0.000460978 441.934 
0.523026 0.0563125 0.000460978 599.462 
0.392238 0.0571336 0.000460978 930.711 
0.392238 0.0557827 0.00102626 907.32 
0.523026 0.0579327 0.00102626 614.365 
0.653688 0.0577701 0.00102626 437.498 
0.784476 0.0596091 0.00102626 349.591 
0.784476 0.0574783 0.00725905 325.882 
0.653688 0.0552494 0.00725905 395.457 
0.523026 0.0542089 0.00725905 527.981 
0.392238 0.0523394 0.00725905 706.653 
0.392238 0.0516846 0.00410502 737.92 
0.523026 0.0541767 0.00410502 537.965 
0.653688 0.0572009 0.00410502 423.051 
0.784476 0.0579828 0.00410502 329.484 
0.784476 0.0572825 0.00181476 326.071 
0.653688 0.0571183 0.00181476 431.975 
0.523026 0.0558253 0.00181476 589.638 
0.392238 0.052846 0.00181476 833.319 
Hollow cone - BI-6.35mm 180 
HEIGHT WATER FLCW S1E1IM ELm AIR FL<M S.H.T.e. 
M KG/S KG/S KG/S W/MAA2/e 
0.65 0.784476 0.0648008 0 352.564 
0.653688 0.0607207 0 410.99 
0.523026 0.0585595 0 630.794 
0.392238 0.0549991 0 891.176 
0.392238 0.0556646 0.000463298 879.53 
0.523026 0.0605857 0.000463298 637.407 
0.653688 0.0597259 0.000463298 391.002 
0.784476 0.0662323 0.000463298 357.555 
0.784476 0.0636489 0.00103142 340 .898 
0.653688 0.0598503 0.00103142 403.374 
0.523026 0.0580266 0.00103142 604.407 
0.392238 0.0541114 0.00103142 845.984 
0.392238 0.0538194 0.0018239 813.895 
0.523026 0.0599559 0.0018239 592.439 
0.653688 0.0609172 0.0018239 382.311 
0.784476 0.0648353 0.0018239 327.653 
0.784476 0.0638575 0.00412568 313.497 
0.653688 0.0603426 0.00412568 375.289 
0.523026 0.0577886 0.00412568 548.115 
0.392238 0.0505205 0.00412568 700.403 
0.392238 0.0523757 0.00729558 694.749 
0.523026 0.0571261 0.00729558 514.984 
0.653688 0.0596785 0.00729558 368.397 
0.784476 0.0618367 0.00729558 288.646 
--
Hollow cone - BI-9mm 
HEIGHT WATER FLo-I . S'lEA!-1 FLCW AIR FLa-l S.H.T.e. 
M KG/S KG/S KG/S l'l/11AA2/e 
----
---
----
0.65 0.392238 0.0572599 0 1005.4 
0.523026 0.0610611 0 613.43 
0.653688 0.0615848 0 442.364 
0.784476 0.0618557 0 321.716 
0.784476 0.0606478 0.000456442 316.117 
0.653688 0.0617835 0.000456442 451.606 
0.523026 0.058745 0.000456442 592.277 
0.392238 0.0575141 0.000456442 953.687 
0.392238 0.0570499 0.00101616 897.02 
0.523026 0.0592888 0.00101616 584.083 
0.653688 0.0608758 0.00101616 432.919 
0.784476 0.0621133 0.00101616 331.457 
0.784476 0.0610748 0.00718761 319.33 
0.653688 0.0589082 0.00718761 401.828 
0.523026 0.0567675 0.00718761 502.476 
0.392238 0.0506924 0.00718761 699.065 
0.392238 0.0525558 0.00406462 758.513 
0.523026 0.0573162 0.00406462 530.154 
0.653688 0.0588807 0.00406462 401.985 
0.784476 0.0616781 0.00406462 321.9 
0.784476 0.0623675 0.0017969 332.507 
0.653688 0.0589551 0.0017969 420.435 
0.523026 0.0581123 0.0017969 571.314 
0.392238 0.0520233 0.0017969 822.547 
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1. INSTRUMENT READING ERRORS 
unavoidable errors were incurred in obtaining experimental data. 
Even though the system was allowed to reach equilibrium before each set 
of readings was taken, as described in Section 3.4, some fluctuations 
on the variables' measuring instrument were inevitable. 
Thus, the experimental results obtained were subject to the following 
errors in the readings of: 
a. thermocouples 
i) steam or steam-air mixtures temperature at inlet, T2 : ±l.O°C 
11) exhaust gas micture temperature, 
Hi) water outlet temperature, T3 
b. pressure gauges 
i) vacuum pressure, P : ±5mm Hg 
v 
ii) steam pressure· . ±5 'p; s. i. 
c. water flow rate rotameter ±5 gal/hr. 
Tl ±l.O°C 
±l.OoC 
Ambient temperature and pressure, and water spray inlet temperature 
were regarded as very accurate readings. 
The effect of each variation in the calculation of the experimental 
variables, i.e. steam, air and water mass flowrates, and dependent 
variable, i.e. volumetric heat transfer, was studied. This was achieved 
by considering as datum value of each variable the one obtained from a 
particular set of readi~gs actually taken, and examining the percentage 
deviation from that imposed by each error in the readings individually 
within this set. Then, the combination of errors that produced the 
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maximum deviation, in each direction, from that datum value was 
identified, and that maximum was taken. 
The procedure, for each set of readings, can be represented in the 
following form: 
% error in a variable = datum value - deviated value datum value 
So, a positive percentage error in the calculation of a variable 
corresponded to a negative deviation, or uriderestimation, produced by 
an experimental reading variation, and vice versa. 
The results of this analysis are shown in Table l~and are discussed 
analytically below. 
Nozzle type: solid cone BK - 7.1mm, Nozzle height = 0.8m 
Datum values of variables 
Readings' variation % 
T2 ± Pc 
T3 ± Pc 
Tl ± PC { 
w, l.n ± 1.7% 
T2+loC, T -1°C T +PC 3 '1 
and w, l.n -1.7% 
W, = 0.39 kg/s l.n 
A = 0 kg/s 
S = 0.0568 kg/s 
3 VHTC = 56982 w/m °C 
error in S % error in 
± 0.07 ± 1.1 
:;: 1.2 'F 2.4 
-5 
+ 6.7xlO 
± 1.15 
-5 
+ 8.lx10 
+ 1.6 + 1.7 
+ 2.87 + 6.35 
VHTC 
Nozzle type: solid cone BK - 7.lmm, Nozzle height = 0.8m 
Datum values of variables: win = 0.39 kg/s 
Reading variation 
T2 ± PC 
T3 ± PC 
Tl ± Pc 
win ± 1.7% 
T2+loC, T -1°C T +PC 3 '1 
and w, l.n -1. 7% 
% 
{ 
A = 0.0073 kg/s 
S = 0.0577 kg/s 
3 VHTC = 48265 w/m °C 
error in 
± 0.07 
+ 1.2 
- 1.7 
+ 1.45 
+ 1.67 
+ 1.24 
S % error in VHTC 
± 1.08 
:;: 2.45 
± 1.1 
± 1.67 
+ 6.3 
continued •.•.•.. 
TABLE 10: Experimental error analysis 
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Nozzle type: solid cone BK - 7.lmm, Nozzle Height = 0.25m 
Datum values: 
Readings variation 
T2 ± PC 
T3 ± PC 
Tl ± 1°C 
win ± 0.85% 
w. = 0.78 kg/s 
m 
A = 0.0057 kg/s 
S 0.041 kg/s 
3 VHTC = 73557.5 w/m °C 
% error in S 
± 0.07 
+ 3.2 
+ 1.2 
+ 0.8 
T +lOC T -1°C T -1°C 2 '3 '1 
+ 5 
and w. - 0.85% 
~n 
% error in VHTC 
± 0.76 
+ 4.4 
± 0.8 
+ 0.85 
+ 5.2 
Nozzle type: solid cone BK - 10mm, Nozzle height = 0.50m 
Datum values: 
Readings variation 
T2 ± 1°C 
T3 ± 1°C 
Tl ± 1°C 
Win ± 0.85% 
Win 0.78 kg/s 
A = 0.00046 kg/s 
S = 0.061 kg/s 
3 VHTC = 79557 w/m °C 
% error in S 
± 0.07 
+ 2.2 
+ 0.03 
+ 0.85 
T2-loC, T +PC T -1°C 3 '1 
- 3.1 
and w. + 0.85% 
~n 
TABLE 10: continued 
% error in VHTC 
± 1.0 
+ 3.2 
± 0.95 
-+ 0.85 
- 6.0 
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Nozzle type: hollow cone BI - 9mm, Nozzle Height = O.25m 
Datum values: Win = 0.52 kg/s 
A = 0 kg/s 
Readings 
T2 ± 
T3 ± 
Tl ± 
win 
T2+1oC, 
variation 
1°C 
1°C 
PC 
± 1.25% 
S = 0.07 kg/s 
3 VHTC = 194966 w/m °C 
% error in S 
± 0.07 
+ 1.30 
{ + 6.5xIO-5 
-5 
+ 8.7xlO 
+ 1.25 
T -PC T +PC 3 '1 + 2.6 
and win -1.25% 
TABLE 10: continued 
% error in VHTC 
± 1.0 
+ 2.4 
± 1.0 
+ 1.25 
+ 5.6 
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2. AIR FLOW RATE ERROR 
The mass flow rate of air that was drawn into the system was, for 
most sets of conditions, independent of the vacuum pressure driving 
force, since the air nozzles operated under critical flow conditions. 
So, any error in reading the vacuum pressure gauge had no effect in the 
calculation of air mass flow rate for sonic flow, and resulted in 
minimum error for sub-sonic flow. 
The calculation of air flow rate depended strongly on ambient 
temperature and pressure, and orifice diameter of the air nozzle used, 
quantities very accurately measured. 
3. \~ATER FLOW RATE ERROR 
The fluctuating readings on the rotameter, ±5 gal/hr, represented 
an error in the water mass flow rate in the range ±0.85 to ±1.7%, 
depending on the flow rate considered, 0.78 to 0.39 kg/so 
One per cent variation in water mass flow rate resulting in an equal 
percentage, approximately 1%, error in the subsequent calculation of the 
steam flow rate and volumetric heat transfer coefficient. 
4. STEAM FLOW RATE ERROR 
A considerable error resulted in the calculation of the steam mass 
flow rate for.a particular steam pressure used. This was due to 
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fluctuations in temperatures T2 ,T3 and Tl , and water flow rate, win' on 
which the calculation was based. Analytically: 
i) An increase or decrease of 1°C in the steam or steam-air 
mixtures inlet temperature, when occurred individually, resulted 
in a small constant error, ± 0.07% respectively, in the 
calculation of the steam flow rate. 
This was true for all steam pressures used, and the error was 
almost independent of the air content of the mixture. 
ii) The largest error in the calculation of steam flow rate 
resulted from error in reading the water outlet temperature, 
T3 • A variation of floc in T3 produced an error in steam flow 
rate ranging from +1.8 to +3.2%, depending on the water flow 
rate, 0.39 to 0.78 kg/s respectively. 
iii) Exhaust gas mixture temperature variation of ±loC contributed 
literally no error in the calculation of steam flow rate, when 
pure steam was used. As the air was introduced into the system 
and its flow rate gradually increased, the error contributed 
also increased. This was because as the initial air content 
of the mixture increased, the mass of steam in equilibrium with 
the air at the spray nozzle level, where temperature Tl was 
recorded, also increased, more steam escaping uncondensed. The 
amount of steam leaving with the exhaust gas mixture was a 
function of its partial pressure at that level in the condenser, 
which was, in turn, a function of TI , representing the saturation 
temperature of the mixture. 
Thus, the error produced by ±loC in Tl ranged from +0.2 to +2% 
depending on the air flow rate, 0.0004 to 0.0073 kg/s 
respectively. 
That error was also dependent on the water flow rate, the 
maximum value occurring with the lowest w. , 0.39 kg/so The 
1n 
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reduction in the temperature of the gas mixture produced, cC/kg 
of water spray, was more sensitive to the variations of Tl for 
low water flow rates. In addition, the air, in the vicinity of 
the spray injection point, was saturated, so a decrease in 
exhaust gas temperature by 1°C, for example, meant that more 
steam would condense, as 'dew', per kg of water spray, the error 
being more significant for the lower water flow rates. 
iv) The maximum error in the calculation of the steam mass flow rate 
was obtained when the combination of temperatures considered was: 
T2 + 1°C, T2-1oC, and Tl-loC 
T2 - 1°C, T3+1oC, and Tl+loC 
and it was ±4.5% respectively. 
or 
5. VOLUMETRIC HEAT TRANSFER COEFFICIENT ERROR 
The error resulting in the computation of the volumetric heat 
transfer coefficient was approximately constant, ±l%, for variations 
of the inlet steam or steam-air mixtures temperature and exhaust gas 
mixture temperature by ±~C respectively. 
A greater error was obtained with the water outlet temperature, a 
variation of T3 by ft°C produced an error ranging from +2.8 to +4%, on 
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average, depending on the water flow rate used, 0.39 to 0.78 kg/s 
respectively. 
The maximum error in the evaluation of the VHTC occurred when the 
temperatures considered varied as: 
or 
T2 + 1°C, T3 - l'C, and Tl + 1°C 
T2 - 1°C, T3 + 1°C, and Tl - 1°C 
simultaneously, and the largest error for the two cases was ±6% 
respectively. In addition to that, a variation in the water flow rate 
contributed, for the highest w, used, ~0.85%, an extra error of ±0.85% 
~n 
respectively. 
So, the maximum experimental error produced, for the variation of 
the readings within the limits examined here, in the calculation of the 
volumetric heat transfer coefficient was ±7%. 
It must be noted that maximum error in steam mass flow rate, did 
not mean maximum error in VHTC. This was due to the mean temperature 
driving force, i.e., 
when T2 and Tl were in error in the opposite direction, i.e. one 
decreasing by 1°C and the other increasing by the same increment, the 
net error was zero in the above expression. The same was true when T2 
and T3 varied in the same direction, i.e. both increasing or decreasing 
by l·C. For both the above variations of temperatures the error obtained 
in the calculation of steam flow rate was maximum. 
APPENDIX I lA 
VARIATION OF THE V.H.T.C. WITH 
EXPERIMENTAL VARIABLES 
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Figure 13:Variation of V.H.T.C With Steam Flowrate 
.~ 
Air Fi=0.004 kg/s 
Water Fi=0.65 kg/s 
Nozzle Height=0.5 m 
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Figure 14:Variation of V.H.T.C with Water Flowrate 
Air rI=0.004 kg/s 
Steam rI=0.055 kg/s 
Nozzle Height=0.5 m 
50000-f-----,------,'---T'---r' ---,---"----,,---,,. ---, 
0.35 0.40 045 0.50 0.55 0.00 O.bS 0.70 0.75 O.BO 
Water FI .. kg/s 
Legend 
t:. HC:BI-6 35 mm 
X HC'BI-9 mm 
----
o SC:BK-7.1 mm 
Illl SC:BK-l0 mm 
..... 
'" ..... 
105000 
100000 
95000 
U 90000 
~ 
( 
~ 
;;: 85000 
U 
.,.; 
:i 
:> 80000 
75000 
70000 
Figure 15:Variation of V.H.T.C with Air Flowrate 
Steam rI=0.055 k~/s 
Water n=0.65 kg/s 
Nozzle Height=O.5 m 
'[l~_ - ---s-________ ---9- __ .. ___ _ 
~ ,,- --------~ 
'*"-~--=--- . 
=------x-_ ~~ -----~ 
-----
650004-------.------,-------,------,-------,-------,------,-------, 
0.0 1.0 2.0 3.0 '.0 5.0 6.0 7.0 
Air n .. kg/s 
Legend 
fJ. HC:BI-6.35 mm 
X 'HC:BI-9 mm 
o SC:BK-7.1 mm 
C!;:J SC:BK-l~~ 
................ ---------------------------------
U ~ ( 
~ ~ 
U 
...: 
:x:: 
>-
120000 
110000 
100000 
90000 
80000 
70000 
60000 
Figure 16:Variation of V.H.T.C with nozzle Height 
Air rt=0.004 kg/. 
SI.am rt=0.065 k~/. 
Waler rt=0.S2 kg!' 
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LOGARITHMIC PLOTS OF V.H.T.C. VS. 
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Figure 17:LOG Variation of V.H.T.C with Air FI. 
Steam rlowrate=O.65Kg/s 
Water rtowrate=0.523Kg/s 
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Figure 18: LOG Variation of V.H.T.C with Nozzle Height 
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Figure 19:LOG Variation of V.H.T.C with Steam FI. 
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Figure 20:LOG Variation of V.H.T.C with Water FI. 
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MINIMIZATION OF THE DIFFERENCE OF THE 
DIFFERENCE OF THE SQUARES PROGRAM 
AND TYPICAL RUN 
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C mcGRAM PERFOI1IN3 '!HE MINIMIZATION OF 'mE DIFFERENCE OF 'mE s:lUAR 
ES 
LIDRARY 'NlGF' 
REAL*8 lOBS(576,5) 
REAL*8 ErA, FSU[ol9;l, S'l'EPt'IX, XTOL 
IlITffiER I, IFAIL, IPRINT, J, LIl1, LJ, LV, ilv, H, HA»::AL, N, NF, NITER 
REAL*8 FJAC(576,5) ,WEe (576) ,G(5) ,S(5) ,V(5,5) ,~v(4072) ,X(5) 
IIITffiER Il'l( 1) 
REAL*8 3;lRI',X02MF 
EXTERNAL L3;lEUH, L3;l[,IJN 
(»t'RoON lOBS 
N=5 
N=576 
LJ=576 
LV=5 
LEV=l 
U1=4072 
OPEN (UNIT=5,FILE='RESC-1 ') 
DO 20 1=1,/01 
READ (5, *) ('lDBS(I,J) ,J=l,N) 
20 CONTINUE 
IPRll-ID=5 
'J.Z\Y.cAI;= 1000*N 
ErA=0.5 
A~10.0*s:lRI'(X02MF(XTOL» 
S'l'ERiX=100000.0 
C STARTll-13 ruml' 
X(l) =0.2. 
2:(2)=1.0 
X(3)=1.5 
X(4) =0.7 
X(5)=.OOOl 
IFAIL=1.0 
CALL iXl4FCF (H, H, L3;lEUll, L3;llDll, IPRTI71', ";;.xc1\L, ETA, ;::roL, 3J.'U'I:X, X, 
* FSU[l9;l,WOC, FJIC,LJ ,S, V, LV, NITER, UF, TIi, LllI, I'l, Ul, IFluL) 
IF (IFAIL. HE. 0) IVRITE (1,1000) IFAIL 
IF (IFAIL. m. 0) GCIID 60 
HRITE (1,1001) FSU!JSQ 
HRITE(1,1002) (X(J) ,J=l,N) 
CALL L3;lGRD(n, N, WEe, FJAC, IJ ,G) 
l'IRITE (1,1005) (G(J) ,J=l,N) 
l'lRITE (1,1006) 
00 40 I=l,H 
l'1RITE (1,1004) NEX:: (I) 
40 CONTINUE 
60 ~lRITE(1,1003) 
SlOP 
1000 FORHA.T (/ / / , 'ERROR EXIT TYPE' ,13, 'SEE RCUTINE 1XlC') 
1001 FORNA.T(///,'CN EXIT 'mE SUH OF S',2RS IS' ,F12.6) 
1002 FORHAT(' AT 'lEE IDINT' ,5F12.4) 
1003 FOrulAT ( '1003 FORl,lAT') 
1005 FORI'lAT( ''!HE ESTIl'lATED GRl\NTIENT IS' ,lP3El2.3) 
1006 FORMM'('l\ND THE RESIWALS ARE') 
1004 FORMAT(lH ,lPE9.1) 
END 
SUBRaJTINE L::QFUN(IELlG,M,N, »:, EVEXX:, lW,LlW, W,UI) 
INTEl3ER IELlG,LlW,IW,M,N 
REI'IL*B EVEXX:(M) ,.q(UI) ,»:(N) 
INTEl3ER lW (Lll'1) 
RElIL*8 'lOBS(S76,5) 
INTEl3ER I 
aXll'OI 'lOBS 
ro 20 I=l,11 
FVEOC(I)=(TOBS(I,2)**XC(l»* (TOBS(I,3) **XC(2»/ 
* «XC(S)~S(I,4)**XC(3»*(TOBS(I,l)**XC(4»)-lOBS(I,S) 
20 CCtITINUE 
RE'ltIrn 
END 
C NONrI'ORIro IUJTINE 
, 
SUBKXJTINE L::Qf.lJN(I1, N,»:,EVEXX:,FJACe,I.JC, S, IGRADE,NITER,NF, ll'1,Lll'1 
* H,Un 
IN'l'EGER IGRADE,LlW,I.JC,Llv,M, N, NF, NITER 
RElIL*B FJACe (I.JC, N) ,EVEOC(H) ,S(N) ,l"I(ilV),»: (N) 
IN'l'EGER m(l) 
REAL * BFSUIl9;l, G'lG 
IN'l'EGill J 
REI'IL*8 G(SO) 
REAL*8 POlDEP 
FSml9;l=FOlDEF (EVEOC, EVEOC, ~I) 
CALL LS;JGRD (H, N, EVEXX:, FJ ACe, I.JC, G) 
G'lG=FOlDEF(G,G,N) 
IVRITE (1,1000) NITER, NF, FSUl'l9;l,G~:G, IGRADE 
WRITE (1,1001) 
ro 20 J=l,ll 
HRITE(1,1002)XC(J) ,G(J) ,S(J) 
20 COH'lTI~E 
RE.'IUrn 
1000 FORJ.lI\T(/ / / ,6H l'lNS,4X,7HF fNALS, 10X,5HSUHSQ,13X, 
* 3lJ3'lG,BX,SlJ3RADE/IH, 14 ,6X, IS,6X,lPE13.S ,6X, IPE9.1 ,6X, I3) 
1001 FORHI\T(/BX,lHX,20X,11J3,llX,lSHSm3ULAR VALUES) 
1002 FORHI\T(lH, IPEl3.S, 10X, IPE9.1, 10X, IPE9.1) 
END 
C rouTINE TO fNALUATE GRAD. OF 'IRE SUB OF .SQRS 
SUBrouTINE L::QGRD(H, N, EVEXX:, FJN::C, I.JC,G) 
INTEl3ER I.JC,M,N 
REI'IL*B FJACe(I.JC,N) , EVEOC (H) ,G(N) 
REi\.L * 8 sm 
ro 40 J=l,H 
SUH =O.OE+O 
00 20 I=l,M 
SUIl=SUHt FJ ACe (I, J) *EVEOC (I) 
20 COHTINUE 
G(J) =SUHtSUH 
40 CCtlTlNJE 
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OK, FTm7 FeF -IGO 
[FTm7 VFR 184] 
NO ERRORS [<.MAIN. >FTN77-VFR 184] 
NO ERRORS [<Ls:JFUN >FTN77-VFR 184] 
NO ERRORS [<Ls:JI.oN >FTN77-VFR 184] 
NO ERRORS [<Ls:JGRD >FTN77-VFR 184] 
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lFAIL=O 
CN EXIT 'IHE SUH OF s;lPS IS 9.475100+10 
NI: '!HE l'OlNT 0.1952 0.7040 3.0108 0.5833 2.18D 
-06 
'!HE ESTIllATED GAAN'l'IENl' IS -4.7060+06 -2.2000+07 8.2330+05 
'!HE ESTINA.TED GAANTIENl' IS 9.2200+06 -3.7830+12 
AND THE RES IroALS ARE 
(follCMS the list of the residJals at the FOint, anitted here 
can be seen as plotted against measured values in fi9lres) 
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Figure 21: NOZZLE TYPE -hollow cone 81-6.35 mm 
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Figure 22: NOZZLE TYPE -hollow cone BI-9 mm 
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Figure 23: NOZZLE TYPE -solid cone BK-7.1 mm 
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Figure 24: NOZZLE TYPE-solid cone BK -10 mm 
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GENERAL PLOTS 
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FIG. 26: H.T.C vs. Am CONTENT FOR SURFACE CONDENSERS 
from E. LANGEN I 1931 
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Figure 27: Variation of S.H.T.C with Air Content 
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Figure 28:Variation Of VHTC with Water Flowrate-HC:type BI-9mm 
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Figure 29: Variation of VHTC With Water Flowrate-SC:type BK -10mm 
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Fig. 31a:Comparison of Nozzles with Similar Flownumbers 
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Fig. 31b:Comparison of Nozzles with Similar Flownumbers 
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Fig. 32: Comparison of Nozzles with Similar F10wnumbers 
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Figure 33' V.H.T.C vs. Nozzle Height 
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Figure 34: V.H.T.C vs. Water Flowrate 
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rigure 36: V.H.T.C vs. Air nowrale 
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APPENDIX V 
THEORETICAL MODEL AND PREDICTIONS 
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Theoretical Model 
1. Assumptions 
The following assumptions should be made: 
(i) the spray emerges from the nozzle orifice consisting entirely 
of droplets of uniform diameter d, at a temperature T 
Ll 
(ii) drops are moving through the vapour with relative velocity uL' 
no interaction between the drops. 
(iii) the bulk vapour temperature is TG• 
(iv) the non-condensible component, air, partial pressure in the 
bulk is PS 
(v) the time of exposure of the spray to the vapour, the contact 
time, is t. 
(vi) for the physical properties of water and steam, average 
values are taken in the temperature range and they are 
considered constant. 
2. Total Heat Transfer Rate 
The total heat transfer rate from the vapour to the spray drops, 
QT' is the sum of the latent heat transfer rate due to condensation, Qc' 
and the sensible heat transfer rate, Q , associated with the transferring 
s 
of mass and that due to convection and conduction across the vapour film. 
i.e. , 
(73) 
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where, 0 , Q , Q in watts. 
"'T c s 
The latent heat transfer rate can be determined by considering 
the mass flux of steam that reaches the surface of the drops, where 
• . ' ,'" c' ,~. 
condensation takes place 
( 74) 
where, 
Then, 
where, 
2 
mst = steam mass flux, kg/m s 
(MW) = molecular weight of steam, kg/kg-mole 
st 
KG = vapour side mass transfer coefficient kg-moles/m2 .S(N/m2) 
PA,PA. = partial pressure of steam in the bulk, and at 
l. 
the interface respectively (PA. equals the saturation 
2l. 
pressure of steam at T.), N/m • 
l. 
Q =mt·LA 
c s s 
A = latent heat of condensation, J/kg 
2 
A surface area of the spray, m 
s 
( 75) 
The sensible heat transfer rate can be calculated, as it was 
h [Treyball s own , by: 
Q = a.hG(T -T.) , 
s G l. 
( 76) 
where, a = correction, or Ackermann, factor for simultaneous heat 
and mass transfer, for condensation a is greater than 1 
as heat and mass transfer occur in the same direction. 
2 
= vapour side heat transfer coefficient, W/m ·c 
= interface temperature, ·C. 
The correction factor is given by: 
where, 
= 
NA(C )g p 
NA = rate of diffusion of steam, kg/s 
(C )g = specific heat capacity of vapour, J/kgOC p 
218 
( 77) 
( 78) 
Values of Co for different vapour side heat transfer coefficients and 
specific heats of the vapour can be obtained from the literature, Fair!26] 
The vapour side heat transfer coefficient can be obtained from the 
empirical correlation (considering drops as rigid spheres) formulated by 
Froessling[Treybal] in terms of the Nusselt number, 
where, 
and, 
NUG = 2 + 0.55 Re
tprl/3 
N is the Nusselt number 
hG·d 
uG kG 
Re is the Reynolds number 
uLPGd 
IlG 
(C )g IlG Pr is the Prandtl number !2 
kG 
3 PG = density of the vapour, kg/m 
2 IlG = dynamic viscosity of the vapour, N.sec/m • 
Thus, equation (79) becomes: 
2 + 0.55 
( 79) 
( 80) 
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3. Rate of Heat Absorption by the Spray 
If it is assumed that the rate of heat absorption of a spray 
droplet depends on the rate at which heat penetrates into the drop by 
conduction, then the temperature profile inside the drop can be described 
by the equation, 
where, 
K 
c 
w 
r 
= 
= water thermal 
2 aTL + --) 
r ar 
diffusivity 
k 
(_L_) 
c.J'w 
= water thermal conductivity, W/moC 
= density of water, kg/m3 
= specific heat of water, J/kgOC 
= drop radius, m 
(drop considered a rigid sphere) 
( 81) 
2 
m /s 
For a drop with initial bulb temperature T ,the surface of which 
Ll 
is suddenly brought to a temperature T:, it is assumed that the· surface 
1. 
of the drop immediately takes up and remains at the steam saturation 
temperature (i.e. no significant interfacial heat transfer resistance) , 
its average temperature TL at any subsequent time t is given by the 
equation (19), which is a solution to the above equation (81) , i.e. 
'" 
L[12 exp 
n=l n 
(19) 
Generalizing for the whole spray, assumption (i), the rate at 
which heat is absorbed is equal to the rate at which heat is lost by 
the vapour phase, due to condensation and convective cooling, QT' Thus, 
a heat balance can be formulated for the time of exposure, t, of the 
spray: 
n Q = T t 
IId3 
-6 Pw c (T -T ) 
w L Ll 
where, n = number of drops consisting the spray, 
and, QT = h .A .(T.-T ) L s l. L 
hL = liquid side heat transfer coefficient, 
2 2 A = n'ITd , m s 
Combining the two equations (82) and (83) 
= 
dp c (T -T ) 
w w L Ll 
6t (Ti-TL) 
220 
(82) 
(83) 
w/m2oc 
(84) 
A correction is required to allow for the effect of condensation 
on the drop size. Assuming the condensed steam to remain at the 
temperature Ti , and Td is the final mean temperature of the drop, then, 
c 
+....l2. 
L 
4. Overall Heat Transfer Coefficient 
(85) 
Having obtained expressions for the individual vapour and liquid 
side heat transfer coefficients, the overall surface heat transfer 
coefficient, U, can be evaluated as: 
U 1 ( 48) 
The overall heat transfer coefficient will be equal to (for two special 
cases): 
(i) hL; when the vapour side resistance is negligible, as in the 
(ii) 
case of condensation of pure steam 
QT hG ~ ; when the liquid side resistance is negligible, as 
s 
in the case of convective heat transfer. 
221 
4. Predictions of the model 
The theoretical model developed was tested by comparing the 
predicted final temperature of the drops with the experimentally 
obtained water outlet temperature, for a particular set of conditions. 
The solid cone water spray was used to fit the assumptions made 
best, and for convenience runs of the rig with pure steam only, steam 
flowrate approximately 0.06 kg/s, and a nozzle height of 0.5m were 
utilized. The diameter of all drops formed, for a given water through-
put, was taken equal to the mean drop size. 
The contact, or exposure time of a drop to the steam flow is the 
time taken to travel the distance from the nozzle orifice to the point 
of steam introduction, and can be approximately calculated in the 
following way: 
(i) from the injection velocity of the spray, i.e. initial velocity 
of all drops, ·the deceleration on a drop can be obtained from 
equation (67), [all drops were assumed to travel at trajectories 
parallel to the nozzle axis). 
(ii) dividing the total distance travelled by a drop into two 
equal increments, each 0.25cm, the average velocity of the 
drop across each increment can be calculated assuming uniform 
deceleration. (The deceleration across the second increment is 
obtained from the final velocity of the drop in increment (D, 
using again equation (67». 
(iii) the time taken for a drop to travel the increment distance z 
is then calculated as: 
increment (D z =- , and increment (2J z 
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where u is the average velocity, ~s. 
The total time of exposure is then the sum of the two lines 
obtained. 
From the contact time thus evaluated, the droplet temperature at 
the condenser outlet was obtained using Figure 4, and compared to the 
actual water outlet temperature, Table 13. 
From the tabulated values the following can be deduced: 
a. For the large mean drop diameters the predicted final temperatures 
of the spray were less than the actual ones. This can be attributed 
to the fact that the drops were assumed rigid spheres heated by 
conduction only, and the partial internal circulation of the drops, 
giving rise to convective heating (as shown to be the case by Kulic 
[15] 
and Rhodes ,Figure 5), was ignored. 
b.' For' small mean drop sizes the predicted temperature was very close 
to the one experimentally obtained. 
Drop mean Injection Deceleration Decelerati~n Time in 
size (!lm) velocity (m/s) in ID (m/s2) in (2) (m/s ) ill (sec) 
703 5.0 7.4 5.8 0.052 
670 9.8 38.0 28.9 0.027 
611 6.7 22.6 16.6 0.040 
546 13.0 88.5 69.6 0.020 
481 16.3 155.0 119.7 0.016 
TABLE 13: Predicted and actual outlet temperature of the spray 
Time in Exposure 
(2) (sec) time (sec) 
0.056 0.108 
0.029 0.056 
0.046 0.086 
0.024 0.044 
0.020 0.036 
Predicted 
temperature 
(OC) 
88.0 
77 .5 
82.0 
78.4 
75.7 
Actual 
temperature 
(OC) 
99 
99 
83 
87 
74 
IV 
IV 
W 
APPENDIX VI 
TEMPERATURE RISE IN FILM AND DROP PHASES 
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1. TEMPERATURE RISE OF THE CONTINUOUS FILM 
Assuming the hollow cone spray film as a sector of an attenuating 
disc subtending an angle ~, then since the spray angle is 90° 
~ will be 254.5° or l.4l4~ 
(in radians). 
Thus, the surface area of the 
continuous film, if L is its axial 
extent will be: 
A 
s 
= 4.44 L2. (86) 
If it is assumed that the axial velocity of the film is approximately 
constant throughout its extent, i.e. that the conversion of kinetic 
energy into fresh surface formation energy takes place at the edge of 
[54] the film, and that surface friction losses are small, (Taylor) , then 
from the continuity equation: 
where x = axial distance from the orifice, m 
0th = thickness of the film, m 
u = injection velocity, mls 
3 Q = volumetric flowrate of discharge, m Is. 
at x = L, ° = -,---"-Q-,--th 4.44Lu 
The hydraulic diameter of the film DH = 20th 
i.e. , 2Q 0.45 Q 
= 4.44Lu Lu 
(87) 
(88) 
(89) 
From the definition of the Graetz 
2 
number: 
where et' 
u OH 
Cl'X Gz = 
2 
= thermal diffusivity, m /s 
-7 2 for water Cl' = 1.40 x 10 m Is. 
At x = L then; substituting for OH: 
~O_.:.;. 2=-=-"Q~2 Gz =- 3 
aiL U 
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(90) 
(91) 
From Hasson et al[55] for large Graetz numbers, the hollow cone spray 
film can be approximated to a fan spray sheet, Sideman~33] Then, the 
temperature response of the film is given by: 
where, 
6 = = 1 - 8 
1311 (Gz) 
surface temperature, °C for the steam-water system T 
s 
(92) 
can be taken at the steam saturation temperature, 100°C 
TO = inlet temperature, °C. 
T = average film temperature, °C for x = L, T represents the 
average temperature at the edge of the film. 
Substituting for Gz, and Cl' 
6 = 1 
i.e. 6 = 1 
8 L 3/2 u l / 2 
3668.4 Q 
3 3/2 1/2 2.18 x 10- L u 
Q 
W for the water spray: Q = -- (water flowrate), thus, 
Pw 
L 3/2 1/2 
6=1-218 u 
• W 
(93) 
(94) 
For the hollow cone spray nozzles, BI-6.35mm and BI-9mm, and the 
different water flowrates used, the following Table 14 can be constructed. 
(see below). 
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From the experimental data obtained for the actual water outlet 
temperature, the percentage temperature rise in the continuous film 
can be calculated, as: 
10 = e (95) 
for pure steam, steam flowrate = 0.06 kg/s, and nozzle height = 0.5m 
the results are also shown in the table. 
- -Nozzle Type W (kg/s) 6 T (CC) 6(%) 
-
BI-6.35mm,HC 0.39 0.683 41.3 32.5 
0.52 0.822 29.3 20.7 
0.65 0.905 22.2 13.0 
0.78 0.930 20.0 11.8 
BI-9mm,HC 0.39 0.615 47.1 39.4 
0.52 0.792 32.0 27.3 
0.65 0.876 24.7 19.5 
0.78 0.920 21.0 14.6 
TABLE 14: Temperature rise in the continuous film 
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2. TEMPERATURE RISE IN THE DROP PHASE 
For the hollow cone spray, considered above, if it is assumed that 
all drops formed at the edge of the continuous concial film travel at a 
trajectory inclined 45 degrees to the nozzle axis, taken as extension of 
the conical film, diagram 1, then the initial velocity of the drops along 
this trajectory, uL ' is equal to the velocity of the film at its edge. 
H 
DIACRAM 1 
Resolving velocity u L into two components, Ux and u y ' the horizontal 
component then is, 
u 
x 
(96) 
Since all forces that act on a drop are in the vertical direction, in the 
horizontal direction there is no deceleration on the mass of the drop, 
and the velocity u can be taken as constant. 
x 
The distance from the edge of the film to the condenser wall can be 
evaluated from the spray cone geometry. The spray angle is 90 degrees, 
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so that the axial extent of the film is equal to the radius of the base 
of the hollow cone. So, distance x is equal to the radius of the column 
minus the axial extent of the continuous film. 
Thus, the time taken for drops to reach the condenser wall can be 
calculated as: 
x t =-
u 
x 
Then, the temperature rise of the drops within this time can be 
evaluated from Figure (4), taking as initial temperature of the drops 
(97) 
that at the edge of the film and assuming them as rigid spheres of water 
of uniform size equal to the mean drop diameter, for each water flowrate 
used. 
The temperature of the drops as they hit the condenser wall thus 
evaluated are shown in Table 15, together with the water outlet 
temperature obtained experimentally; 
From Table 15 can be seen that the temperature of the drops as they 
reach the condenser wall is approximately equal to the water outlet 
temperature. Therefore, the subsequently formed wall wetting film of 
water seems to have no effect on the heat transfer process. 
.................. --------------------------------
Nozzle type Water Axial extent Distance to Horizontal Time of Mean drop Temperature Water outlet 
flowrate of the film the wall, x velocity of flight size (I!m) at the wall temperature 
(kg/s) (m) (m) drbps, u t(sec) ( ·C) ( ·C) x (m/s) 
BI-6.35mm 0.39 0.060 0.0925 0.70 0.132 539 95.3 96 
0.52 0.045 0.1075 2.83 0.038 462 87.2 84 
0.65 0.032 0.1205 5.50 0.022 392 78.9 71 
0.78 0.027 0.1255 7.20 0.017 374 74.4 66 
BI-9mm 0.39 0.086 0.0665 0.61 0.109 670 92.0 99 
0.52 0.063 0.0895 2.40 0.037 546 79.6 83 
0.65 0.048 0.1045 4.10 0.025 489 75.1 71 
0.78 0.038 0.1145 6.10 0.018 442 70.0 61 
. 
TABLE 15: Temperature of drops at the condenser wall 
3. CONDENSING LIQUID SIDE HEAT TRANSFER COEFFICIENTS 
A. For the continuous film 
A heat balance on the continuous film gives: 
where A 
i.e. 
W C (T - T. ) = hL A (T
s 
- T) 
w ~n 
2 
= surface area of the continuous film, m 
W Cw(T - Tin) 
A (T - T) 
s 
230 
(98) 
(99) 
Thus, the local heat transfer coefficient at the edge of the continuous 
film can be evaluated from the above equation (99). 
An average condensing heat transfer coefficient, hL, can be 
evaluated if a mean film temperature is used. 
Values for the average and local condensing heat transfer coefficient 
obtained are shown in Table 16, they are of the same order as the values 
found in the literature, weinberg[4] , but higher than values obtained by 
condensing steam on water films flowing on inclined surfaces, segev[3l J , 
by factors ranging up to 5. 
B. For the drop phase 
The average condensing heat transfer coefficient is obtained, for 
the drop phase, by averaging with respect to time equation (19). A 
graphical representation of the time averaged Nusselt number, Nu , as a 
L 
T - T (12) 
function of (L Ll) was used from Brown. 
Ti - T 
Ll 
From the average Nusselt numbers read, the heat transfer 
coefficient was evaluated as 
NUL kL 
h = --::--L d 
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(100) 
Values obtained are shown in Table 16, they are in agreement with values 
found in the literature. 
. 
Nozzle type ~Iater flowrate Cone surface Heat transfer h for continuous 
(kg/s) area, (m2) rate to L 2 
continuous film film, (w/m DC) 
(W) 
BI-6.35mm 0.39 0.016 44717 47612 
0.52 0.009 33415 52514 
0.65 0.0045 22386 63239 
0.78 0.0032 19659 75845 
BI-9mm 0.39 0.033 54218 31247 
0.52 0.0176 39312 32847 
0.65 0.010 29211 38793 
0.78 0.0064 22932 45285 
TABLE 16: Liquid side heat transfer coefficients 
-
-h for continuous N 
L 2 uL film, (W/m DC) 
38630 
47386 
60073 
73103 
23800 
27595 
36220 
43364 
for drop 
phase 
10.83 
11.60 
12.44 
13.27 
11.0 
12.9 
13.4 
15.0 
-hL for drop 
2 phase (W/m DC) 
12055 
15065 
19040 
21289 
9850 
14176 
16442 
20362 
'" w 
'" 
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NOMECLATURE 
a specific surface area of the spray 
a' thermal diffusivity 
A air mass flowrate 
AO cross sectional area of nozzle orifice 
AS surface area of spray 
b size parameter 
B constant 
C overall constant for equation (50) 
Cl -C6 constants 
Co drag coefficient 
C specific heat at constant pressure p 
C 
s 
humid heat 
Cd nozzle discharge coefficient 
C velocity coefficient 
v 
d 
d 
d 
m 
d 
e 
o 
o (N) 
f 
c 
f. (x) 
1. 
F 
mean drop diameter 
size parameter 
maximum drop diameter 
drop size entrained 
nozzle orifice diameter 
air nozzle orifice diameter 
conversion factor, equation (49) 
residuals 
flow number 
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2/ 3 m m 
2 
m /s 
kg/s (Th/s) 
2 
m (sq.ft.) 
2 
m 
kJ/kgOC 
(Btu/lbOF) 
kJ/kg dry 
gasOC(Btu/ 
lbOF) 
~m 
mm 
cm (in,ft) 
3 2 , 
m / sec/ (N/m ) 
G gas mass velocity 
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2 kg/s m (lb/ 
hr. sq. ft.) 
G critical. pressure ratio 
c 
g 
h g 
ha g 
H 
gravitational acceleration 
dimensional constant 
2 
m/sec 
lb.ft/(lb. 
force) 
sec2 
liquid side heat transfer coefficient w/m2oc 
volumetric, gas sensible heat transfer coefficient w/m3 °C(BtU/ 
hr. cu.ft) 
nozzle height (height of spray section) m 
enthalpy of incoming steam-air mixture kJ/sec(Btu/ 
sec) 
enthalpy of exhaust gas mixture kJ/sec(Btu/ 
sec) 
enthalpy of water at inlet kJ/sec(Btu/ 
sec) 
enthalpy of water at outlet kJ/sec(Btu/ 
sec) 
Ja Jakob number 
k ratio of specific heats 
K 
K a 
y 
L 
L' 
m 
MW 
thermal conductivity 
volumetric overall mass transfer coefficient 
axial extent of the continuous film 
liquid mass velocity 
mass flux 
molecular weight 
NUL Nusselt number 
W/mok 
kg vapour/sec 
I1Y m3 (lb/hr I1Y 
ft3) 
cm(in.) 
2 
kg/s m (lb/ 
hr.sq.ft) 
2 
kg/m s 
kg/kg-mole 
(lb/lb mole) 
p 
p 
v 
atmospheric pressure 
vacuum pressure 
p(k) direction of search 
partial pressure of steam at inlet 
partial pressure of steam 
partial pressure of air 
q heat flux 
Q water volumetric flowrate 
total heat transfer rate 
sensible heat transfer rate 
condensation heat transfer rate 
R universal gas constant 
r drop radius 
Re Reynolds number 
s steam mass flowrate 
mass of steam condensed per unit time 
mass of steam uncondensed per unit time 
time 
T temperature 
interfacial temperature 
ambient temperature 
exhaust gas temperature 
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mm Hg (lb. 
force/sq.ft) 
mm Hg (lb. 
force/sq.ft) 
in.Hg(lb. 
forcel sq. ft) 
in .Hg (lb. 
force/sq.ft) 
in .Hg (lb. 
force/sq.ft) 
w/m 2 
3 
m Is 
w 
w 
w 
kJ/k mole oK 
m [(ft.)(lb. 
force)/(lb. 
mole) OF) 1 
kg/s (Ibis) 
kg/s (lb/s) 
kg/s (Ibis) 
seconds 
T 
T 
s 
u 
u 
steam, air inlet temperature 
water outlet temperature 
water inlet temperature 
average film temperature 
surface temperature 
injection velocity of the spray 
relative velocity of drops 
velocity of the film 
overall heat transfer coefficient 
v volume fraction 
vl specific volume 
V velocity of steam-air mixtures 
VH volume of spray section of the condenser 
W water mass flowrate 
We Weber number 
x(1),x(2),x(3),x(4) exponents in equation (50) 
height of contacting zone 
Greek Letters 
a Ackerman correction factor 
a ratio of nozzle throat diameter to pipe diameter 
o distribution parameter 
thickness of continuous film 
pressure drop 
!::.T temperature difference driving force 
!::.y humidity driving force 
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0C ( OF) 
0C (OF) 
0C (OF) 
°C 
°C 
m/s 
m/s 
3 
m/kg (cu.ft/ 
lb) 
m/s 
3 
m 
kg/s (lb/s) 
m (ft.) 
m 
°C (OF) 
kg water/kg 
dry gas (lb/lb) 
thermal utilization 
a mean temperature of the continuous sheet 
temperature response of the spray 
K water thermal diffusivity 
latent heat of condensation 
dynamic viscosity 
v kinematic viscosity 
1T constant 
p density 
upstream air density 
a surface tension 
~(y) distribution function 
angle 
Subscripts 
air air 
c column 
G gas 
in inlet 
L liquid 
out outlet 
0 orifice 
s spray 
st steam 
th theoretical 
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2 . 
m /s 
kJ/kg 
(Btu/lb) 
2 N s/m 
2 
m /s 
3 kg/m 
3 kg/m (lb/ 
cu.ft.) 
N/m 
degrees 
w 
1 
2 
water 
inlet conditions 
outlet conditions 
Abbreviations 
S.H.T.C. Surface heat transfer coefficient 
V.H.T.C. Volumetric heat transfer coefficient 
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